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LATE  QUATERNARY  PLANT  ZONATION  AND  CLIMATE  IN  SOUTHEASTERN  UTAH 

Julio  L.  Betancourt' 

.\bstract.—  Plant  macrofossils  from  packrat  middens  in  two  southeastern  Utah  caves  outline  development  of 
modem  plant  zonation  from  the  late  Wisconsin.  Allen  Canyon  Cave  (2195  m)  and  Fishmouth  Cave  (1585  m)  are 
located  along  a  continuous  gradient  of  outcropping  Navajo  Sandstone  that  extends  from  the  Abajo  Mountains  south 
to  the  San  Juan  Fliver.  By  holdmg  the  site  constant,  changes  in  the  floral  composition  for  a  plot  of  less  than  one 
hectare  can  be  observed,  even  if  sporadically,  over  tens  of  millennia.  At  Allen  Canyon  Cave,  Engelmann  spruce- 
alpine  fir  forest  was  replaced  by  the  present  vegetation  consisting  of  pinyon-juniper  woodland  on  exposed  ridgetops 
and  cliffside  stands  of  Douglas  fir,  ponderosa  pine,  and  aspen.  Xerophytic  woodland  plants  such  as  pinyon,  plains 
prickly  pear,  and  narrowleaf  yucca  arrived  sometime  in  the  middle  Holocene  between  7200  and  3400  B.P.  At 
Fishmouth  Cave,  Utah  juniper  in  Holocene  middens  replaced  blue  spruce,  limber  pine,  Douglas  fir,  and  dwarf  and 
Rocky  Mountain  junipers  in  late  Wisconsin  samples. 

Disharmonious  associations  for  the  late  Wisconsin  occur  only  at  the  lower  site  with  the  xerophytes  Mormon  tea, 
plains  prickly  pear,  and  narrowleaf  yucca  growing  alongside  subalpine  conifers.  One  possible  explanation  involves 
the  late  Wisconsin  absence  of  ponderosa  and  pinyon  pines  from  the  Colorado  Plateaus.  Released  from  competition  at 
their  lower  limits,  subalpine  conifers  were  able  to  expand  into  lower  elevations  and  mix  with  xerophytic  plants  found 
today  in  understories  of  pinyon-juniper  and  ponderosa  pine  woodlands.  Quantitative  climatic  estimates  are  derived 
for  the  late  Wisconsin  by  applying  vertical  gradients  for  temperature  and  precipitation  to  the  amount  of  vegetation 
depression.  The  Fishmouth  Cave  sequence  indicates  a  minimum  lowering  of  850  m  for  blue  spruce,  limber  pine,  and 
dwarf  juniper.  A  depression  of  at  least  700  m  for  Engelmann  spruce  and  alpine  fir  is  suggested  for  the  Allen  Canyon 
locality.  Use  of  conservatively  low  gradients  for  stations  below  2080  m  yields  a  .3-4  C  cooling  from  present  mean 
annual  temperature  and  35  to  60  percent  more  rainfall  than  today.  Steeper  gradients  associated  with  more 
mountainous  terrain  suggest  a  5  C  lowering  in  temperature  and  up  to  120  percent  increase  over  modern 
precipitation. 

Elevational  plant  zonation  is  by  tradition  dulum  has  swung  to  recognize  that  Pleisto- 
the  interpretative  framework  used  in  paleo-  cene  zonation  is  often  without  modern  ana- 
botanical  studies  of  the  Southwestern  United  log.  Consequently,  changes  along  the  deva- 
states. Early  emphasis  was  placed  on  the  tional  gradient  are  now  being  scrutinized 
amount  of  lowering  for  vegetation  zones  dur-  from  the  individualistic  rather  than  Clemen- 
ing  Wisconsin  cooling.  Pollen  studies  such  as  sian  point  of  view.  The  individualistic  ap- 
that  by  Maher  (1963)  focused  on  upper  tree-  proach  has  gained  impetus  in  Southwestern 
line  movement  in  the  San  Juan  Mountains,  paleoecology  with  the  advent  of  packrat 
and  Wright  et  al.  (1973)  examined  unequal  {Neotoma  spp.)  midden  analysis,  allowing 
lowering  or  "telescoping"  of  various  zones  in  great  taxonomic  and  geographic  precision  for 
the  Chuska  Mountains  on  the  Arizona-New  discerning  past  changes  in  the  elevational 
Mexico  border.  In  recent  years,  the  pen-  range       of      individual       plants.       Along 
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these  lines,  a  major  focus  has  been  to  reveal 
disharmonious  plant  associations  in  Wiscon- 
sin time  (Cole  1981,  Spaulding  1981). 

In  high  relief  areas  of  western  North 
America,  steep  gradients  in  plant  zonation 
are  often  related  to  pronounced  vertical  vari- 
ations in  climate.  Though  no  causal  relation- 
ship has  been  demonstrated,  it  is  assumed 
that  mountain  belts  do  in  part  explain  the 
vertical  distribution  of  plants.  Quantitative 
estimates  of  past  climates  can  be  achieved  by 
applying  present  gradients  of  precipitation 
and  temperature  to  the  amount  of  change  in 
the  elevational  range  of  a  plant.  During  the 
late  Wisconsin,  plants  now  limited  to  upper 
elevations  expanded  down  to  the  surrounding 
lowlands.  Prime  examples  include  pinyon- 
juniper  woodland  in  the  Chihuahuan  and 
Sonoran  Deserts  (Van  Devender  and  Spauld- 
ing 1979)  and  depressions  of  up  to  1000  m  for 
Utah  juniper  (Jtiniperus  osteosperma)  and  lim- 
ber pine  {Pinus  flexilis)  in  the  Mohave  Desert 
(Spaulding  1981).  Because  rainfall  increases 
and  temperatures  generally  decrease  with 
elevation,  application  of  vertical  gradients  to 
characterize  lowering  of  plant  zones  suggests 
both  a  cooler  and  wetter  climate  for  the  late 
Wisconsin  of  the  western  deserts. 

Another  way  of  deriving  climate  from  the 
fossil  plant  record  is  suggested  by  the  hori- 
zontal zonation  of  both  plants  and  climate. 
During  the  late  Wisconsin,  the  ranges  of  sev- 
eral plants  expanded  or  contracted  by  several 
degrees  in  latitude.  Notable  examples  are  the 
southern  expansion  of  Joshua  tree  (Yucca 
brevifolia)  into  the  Sonoran  Desert  (Van  De- 
vender  1973)  or  the  restriction  of  Colorado 
pinyon  {Pinus  edulis)  to  the  northern  Chihua- 
huan Desert  (Van  Devender  et  al.,  in  press). 
These  records  are  interesting  because  range 
boundaries  often  coincide  with  steep  atmos- 
pheric gradients  separating  well-defined  air 
masses.  The  northern  and  southern  limits  of 
the  Canadian  boreal  forest  coincide  with  the 
summer  and  winter  position  of  the  arctic 
front  (Bryson  1966).  Mitchell  (1976)  notes 
that  of  73  tree  species  widely  distributed  in 
the  western  U.S.,  almost  half  reach  their 
northern  or  southern  limits  between  40°  and 
44°  N  latitudes.  North  of  this  boundary, 
westerly  flow  from  the  Pacific  Ocean  pre- 
dominates, but  below  the  boundary  flow  is  to 
the  south,  originating  in  an  anticyclone  over 


southern  Nevada.  Hypothetically,  long-term 
displacement  of  this  boundary  would  serve  to 
either  contract  or  expand  the  ranges  of  cer- 
tain trees. 

A  critical  area  for  tracing  large-scale  mi- 
gration of  plants  relative  to  the  development 
of  modern  plant  zonation  is  encompassed  in 
those  portions  of  New  Mexico,  Arizona,  Col- 
orado and  Utah  collectively  known  as  the 
Colorado  Plateau  Province  (used  here  as  the 
Colorado  Plateaus).  The  vertical  zonation  of 
plants  is  relatively  homogenous  throughout 
the  mountain  ranges  and  higher  plateaus  that 
hover  above  the  lower  much-dissected  table- 
lands. This  homogeneity  enhances  the  extrap- 
olation of  regional  patterns  from  a  few,  stra- 
tegic fossil  localities.  The  area  is  also  an 
excellent  laboratory  for  studying  the  effects 
of  shifting  air  flow  patterns  on  regional  vege- 
tation. Mitchell's  (1976)  winter  boundary 
coincides  with  the  northern  edge  of  the  Colo- 
rado Plateaus,  and  the  monsoonal  boundary 
as  defined  by  Bryson  and  Lowry  (1955)  criss- 
crosses the  area  from  southwest  to  northeast. 
Both  boundaries  figure  prominently  in  the 
biogeography  of  the  western  U.S. 

To  date,  packrat  midden  data  from  the 
Colorado  Plateaus  include  a  Holocene  chro- 
nology from  Chaco  Canyon,  New  Mexico 
(Betancourt  and  Van  Devender  1981),  late 
Pleistocene  projections  of  lowland  vegetation 
from  the  Chuska  Mountain  pollen  sequence 
(Wright  et  al.  1973)  compared  with  midden 
macrofossils  from  adjacent  Canyon  de  Chelly, 
Arizona  (Betancourt  and  Davis  1984),  and 
gradient  analysis  of  plant  response  to  Pleisto- 
cene climates  in  the  eastern  Grand  Canyon 
(Cole  1981,  1982).  Until  now,  no  fossil  pack- 
rat  middens  had  been  collected  from  the  cen- 
tral portion  of  the  Colorado  Plateaus  in 
southeastern  Utah. 

The  present  study  grew  out  of  overall  ef- 
forts to  evaluate  the  feasibility  of  radioactive 
waste  disposal  in  the  Paradox  Basin  of  Utah. 
Management  and  disposal  require  consid- 
eration of  geologic  and  hydrologic  processes 
expected  to  supervene  during  the  toxic  life  of 
the  waste  (DeBuchananne  1974).  Geohydro- 
logic  information  is  needed  to  predict  poten- 
tial transportation  (by  water)  of  radionuclides 
away  from  burial  sites.  One  important  pa- 
rameter is  the  variability  of  past  climate  over 
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relevant  watersheds  in  time  intervals  com- 
parable to  the  toxic  life  of  the  waste.  Under 
contract  with  Woodward-Clyde  Consultants 
of  San  Francisco,  which  was  acting  in  behalf 
of  the  Office  of  Nuclear  Waste  Isolation,  Bat- 
telle  Memorial  Institute,  I  undertook  a  mid- 
den study  to  reconstruct  late  Quaternary  veg- 
etation change,  and,  by  inference, 
paleoclimatic  variability  for  the  central  por- 
tion of  the  Colorado  Plateaus. 

The  elevational  gradient  from  the  Abajo 
Moimtains  south  along  Comb  Ridge  to  the 
San  Juan  River  was  chosen  for  geologic  rea- 
sons. Large  rock  shelters  containing  middens 
of  all  ages  are  common  in  the  local  Navajo 
Sandstone  (Glen  Canyon  Group;  Jurassic). 
This  sandstone  outcrops  continuously  from 
2560  to  1340  m  as  a  consequence  of  deforma- 
tion by  the  igneous  intrusion  that  formed  the 
Abajo  Mountains.  A  brief  reconnaissance  of 
the  1220  m  gradient  produced  two  midden 
sequences  from  late  Wisconsin  times  to  the 
present  in  rock  shelters  at  1585  m  and  2195 
m  elevation.  Vertical  gradients  for  both  pre- 
cipitation and  temperature  were  derived 
from  18  climatic  stations  in  southeastern 
Utah  and  are  used  to  reconstruct  climate  at 
the  fossil  localities  and  elevational  analogs  for 
late  Wisconsin  plant  assemblages.  The  mid- 
den record  from  southeastern  Utah  is  also 
harnessed  to  generate  new  ideas  about  the 
historic  development  of  vegetation  patterns 
on  the  Colorado  Plateaus. 

Methods 

Packrat  foraging  for  food  and  construction 
usually  produces  representative  collections  of 
the  local  flora.  Because  of  predator  pressure, 
packrats  are  tethered  to  within  100  m  of 
their  houses  (Raim  1966,  Bleich  and  Schwartz 
1975,  Stones  and  Hayward  1968).  Seemingly 
amorphous  piles  of  plant  and  other  material 
seal  passageways  and  interior  chambers  from 
predators  and  serve  to  buffer  daily  or  sea- 
sonal extremes  in  temperatures.  The  outer 
crust  of  the  houses  and  the  floors  of  the  pas- 
sageways are  often  hard-packed  with  feces 
and  crystallized  urine  (amberat).  During 
times  of  high  atmospheric  humidity,  the  am- 
berat rehydrates  and  permeates  the  lattice 
work  of  an  abandoned  house.  This  process 


combines  with  gradual  collapse  of  the  struc- 
ture to  create  the  indurate  masses  referred  to 
as  middens.  Packrat  feces,  urine,  and  plant 
material  dropped  en  route  to  the  house  may 
also  produce  middens  in  perch  areas  or  trails 
along  the  walls  of  caves  and  rock  shelters. 
Stratified  deposits  may  form  when  packrats 
continue  to  build  atop  older  middens.  Prob- 
lematical stratigraphy  results  when  packrats 
build  along  the  sides  or  even  below  older 
middens. 

There  is  currently  little  agreement  on  field 
and  laboratory  procedures  for  packrat  mid- 
den analysis.  Generally,  I  collect  middens 
with  an  indurated  mass  of  0.5  to  2.0  kg.  Out- 
er weathering  surfaces  are  removed  and  the 
sample  is  carefully  whittled  down  to  the  de- 
sired sample  size  with  hammer  and  chisel.  An 
individual  sample  is  isolated  that  appears  to 
represent  a  single  depositional  episode  with  a 
temporally  discrete  assemblage  of  plants. 
Samples  are  weighed  prior  to  disaggregation 
in  water  (the  amberat  is  water  soluble), 
which  may  take  from  two  to  10  days  de- 
pending on  the  sample.  The  organic  residue 
is  wet-screened  through  a  20  mesh  (0.84  mm) 
soil  sieve  to  remove  dust  and  urine  still  ad- 
hering to  plant  parts. 

The  organic  residue  caught  by  screening  is 
weighed  after  drying  in  an  oven  and  often 
comprises  from  10  to  20  percent  of  the  mass 
of  the  indurated  midden.  Initial  sorting  in- 
volves removal  of  all  fecal  pellets.  The  dry 
organic  residue  minus  the  fecal  pellets  yields 
the  mass  of  plant  matrix  to  be  analyzed, 
which  usually  accounts  for  50  to  70  percent 
of  the  dry  weight  of  the  washed  sample.  This 
plant  matrix  is  sieved  into  size  classes  and 
hand  sorted  for  identifiable  fragments.  On 
the  average,  individual  middens  yield  from 
20  to  30  kinds  of  plants. 

Species  representation  is  commonly  ex- 
pressed in  terms  of  relative  abundance,  pri- 
marily because  the  original  mass  and  number 
of  unidentifiable  fragments  vary  per  kilogram 
of  unwashed  midden  (Van  Devender  1973, 
Phillips  1977,  Spaulding  1981).  A  relative 
scale  of  one  to  five  (1  =  rare,  2  =  uncom- 
mon, 3  =  common,  4  =  very  common,  5  = 
abundant)  is  commonly  used.  Recently,  other 
means  of  expressing  macrofossil  abundances 
have  been  suggested.  Cole  (1981)  employs 
the   concentration   of  macrofossils   for   each 
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species  per  kilogram  of  indurated  sample. 
The  main  pitfall  in  this  strategy  is  the 
sample-to-sample  variability  in  the  concen- 
tration of  amberat,  sediment,  rocks,  and  fecal 
pellets.  Spaulding  (in  press)  shows  the  rela- 
tive frequency  of  a  given  taxon  as  a  percent- 
age of  the  total  number  of  identified  speci- 
mens, noting  that  often  the  numbers  for  a 
single  taxon  overwhelm  the  rest  of  the  assem- 
blage. This  is  avoided  by  subtracting  the 
overrepresented  taxon  from  the  total  number 
of  identified  specimens.  Aside  from  the  prob- 
lem of  comparing  seeds  and  stems,  this  meth- 
od is  under  the  same  constraints  as  pollen 
percentages  (Davis  1963),  whereby  the  per- 
centage of  one  pollen  or  macrofossil  type  is 
mutually  dependent  on  other  types  in  the 
sample.  To  avoid  these  problems,  I  prefer  to 
divide  the  mass  of  the  species  by  that  of  the 
plant  matrix  in  a  midden,  to  include  uniden- 
tified portions.  This  permits  comparisons  of 
the  abundances  for  a  single  species  through- 
out a  lengthy  midden  sequence  and  between 
contemporaneous  middens  at  various 
localities. 

Radiocarbon  dating  of  packrat  middens  has 
been  the  subject  of  much  debate.  Wells 
(1976)  advocates  dating  mixed  debris  from  a 
thin  layer  of  midden.  Van  Devender  (1973) 
and  Mead  et  al.  (1979)  recommend  dating  ei- 
ther a  single  fragment  (e.g.,  a  piece  of  wood) 
or  a  composite  sample  from  one  species.  The 
species  targeted  for  dating  should  be  critical 
to  paleoecological  reconstructions.  For  in- 
stance, in  a  midden  study  aimed  at  determin- 
ing the  arrival  of  pinyon  {Pinus  ediilis)  on  the 
Colorado  Plateaus,  direct  dates  on  pinyon 
macrofossils  circumvent  potential  problems 
with  mixed  assemblages  or  questionable 
stratigraphy.  When  no  species  from  a  single 
midden  yields  sufficient  material  for  a  radio- 
carbon determination  (greater  than  3  g),  a 
date  on  some  other  fraction  such  as  packrat 
pellets  may  be  necessary.  Although  the  cost 
may  be  prohibitive,  multiple  dates  on  a 
single  midden  are  often  necessary.  This  be- 
comes crucial  where  a  single  midden  assem- 
blage is  employed  as  the  keystone  of  a  se- 
quence, marking  a  biochronologic  event  or 
boundary.  Multiple  dates  are  also  imperative 
in  middens  suspected  of  contamination. 
Spaulding  (1981)  reviews  a  series  of  middens 
with  multiple  dates,  concluding  that  the 


dates  were  discordant  at  one  standard  devia- 
tion in  30  percent  of  the  cases.  However,  in  a 
number  of  the  cases  he  examined,  there  was 
reason  to  doubt  the  first  date  based  on  ques- 
tionable associations  of  plants  in  the  assem- 
blage. Confirmation  of  suspected  con- 
taminants, present  only  in  trace  amounts,  will 
become  routine  with  further  development  of 
accelerator  dating. 

Early  midden  research  focused  on  the  con- 
trast between  Wisconsin  and  modern  vegeta- 
tion. In  the  field,  Wisconsin-age  middens 
were  easily  recognized  by  the  presence  of 
plants  now  growing  at  much  higher  eleva- 
tions or  even  different  latitudes.  For  the  user 
of  midden  data  concerned  with  the  historic 
continuum,  the  bias  for  Pleistocene  middens 
produced  many  incomplete  chronologies. 
The  scant  attention  paid  to  younger  middens 
partly  reflected  the  sentiment  that  there  had 
been  little  or  no  sequential  change  in  Holo- 
cene  vegetation.  Recent  midden  studies  in 
the  Great  Basin  (Thompson  and  Hattori 
1984),  northern  Chihuahuan  Desert  (Van  De- 
vender  et  al.  in  press)  and  the  Colorado 
Plateaus  (Betancourt  and  Van  Devender 
1981)  demonstrate  that  Holocene  migration 
of  plants  in  the  West  may  be  as  dynamic  as 
postglacial  invasion  north  of  the  glacial  bor- 
der. I  would  argue  that  much  of  this  move- 
ment continues  today.  Moreover,  historical 
explanation  for  present  vegetation  patterns 
can  only  be  gleaned  from  chronologies  that 
trace  development  of  local  vegetation  over 
long  periods  of  time.  I  prefer  to  hold  the  site 
constant  for  each  chronology  by  developing 
lengthy  midden  sequences  from  individual 
rock  shelters  or  caves.  Hence,  the  floral  com- 
position for  a  plot  of  less  than  one  hectare 
can  be  observed,  even  if  sporadically,  over 
thousands  of  years. 

Physical  Setting 

The  Colorado  Plateaus  ari^  characterized 
by  flat-lying  sedimentary  rocks,  modified  lo- 
cally by  faulting,  folding,  and  igneous  intru- 
sions. The  various  "plateaus"  are  elevated 
from  1520  to  3350  m.  Elevations  below  ]520 
m  are  limited  to  the  canyon  bottoms  of  the 
Colorado  River  and  its  numerous  tributaries. 
The  central  portion  of  the  Plateaus  is  occu- 
pied by   the   spectacular   Canyonlands   of 
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southeastern  Utah.  A  tableland  of  resistant 
Dakota  Sandstone,  known  locally  as  the 
Great  Sage  Plain  but  nonetheless  much  dis- 
sected, separates  the  La  Sal  and  Abajo  Moun- 
tains from  the  principal  ranges  of  the  south- 
em  Rocky  Mountains.  The  Great  Sage  Plain 
is  bordered  on  the  west  by  the  Monument 
Upwarp,  boasting  scenic  buttes  (monuments) 
and  steep  escarpments  of  Triassic  and  Juras- 
sic sandstones.  The  crest  of  the  upwarp  is 
poorly  defined  at  Elk  Ridge,  and  the  Comb 
Ridge  monocline  forms  the  steeply  down- 
folded  eastern  edge.  The  latter  is  delineated 
by  a  comb-like  crest  of  Navajo  Sandstone 
stretching  160  km  from  west  of  Kayenta,  Ari- 
zona, to  the  northeast  base  of  Elk  Ridge.  The 
uplands  in  the  area  are  defined  by  several 
laccolithic  ranges,  including  the  Ute,  Henry, 
Navajo,  La  Sal,  and  Abajo  mountains.  At 
Navajo  Mountain,  the  sedimentary  rock  has 
not  eroded  sufficiently  to  expose  the  igneous 
core,  which  outcrops  at  higher  elevations  in 
the  other  ranges.  The  higher  peaks  in  the  re- 
gion are  in  the  La  Sal  Mountains,  rising  up  to 
3877  m  at  Mount  Peale  (Gregory  1938).  Only 
the  La  Sal  Mountains  were  glaciated  during 
the  late  Wisconsin  interval  (Richmond  1962, 
Witkind  1965). 

Plant  Zonation 

Floristically,  the  La  Sal  and  Abajo  Moun- 
tains are  considered  outliers  of  the  southern 
Rocky  Mountains  (Cronquist  et  al.  1972). 
There  is  also  a  close  resemblance  in  the 
elevational  range  of  plants.  Below,  I  employ 
the  zonal  concept  simply  as  an  heuristic  de- 
vice without  traditional  ecological  implica- 
tions. In  general,  the  upper  elevational  limits 
of  each  species  occur  on  open,  south-facing 
slopes,  whereas  the  lower  limits  are  usually 
defined  on  north-facing  slopes  or  in  mesic  ra- 
vines. Alpine  timdra  is  confined  to  the  La  Sal 
Moim tains  at  elevations  above  3660  m.  Abajo 
Peak  at  3660  m  is  the  highest  in  the  Abajo 
Mountains.  From  Mt.  Linnaeus  (3340  m)  to 
the  San  Juan  River  (1340  m),  plant  zonation 
is  as  follows: 

Engelmann  spruce-alpine  fir  forest 
(3660-2896  m):  Engelmann  spruce  (Picea 
engelmannii)  and  alpine  fir  {Abies  lasiocarpa) 
are  the  dominant  species  of  forests  above 
2896   m.   Engelmann   spruce   is   usually   the 


more  abundant  as  well  as  the  taller  of  the 
two  species  in  mixed  stands.  The  herbaceous 
cover  in  closed  stands  is  mostly  depauperate 
due  to  the  accumulation  of  duff  and  debris 
(Daubenmire  1943).  Dense,  spruce-fir  stands 
are  common  mostly  on  steep,  northerly  expo- 
sures. Subalpine  meadows  cover  extensive 
areas  on  the  more  gentle  slopes.  Common 
shrubs  include  currant  {Ribes  spp.),  dwarf 
juniper  {Juniperus  communis),  elderberry 
{Sambucus  racernosa),  blackberry  (Rubus 
idaeus),  snowberry  {Symphoricarpus  oreo- 
philiis),  russet  buffaloberry  (Shepherdia  cana- 
densis), and  boxleaf  (Pachystima  myrsinites). 
Limber  pine  (Pinus  flexilis)  is  limited  to  dry, 
rocky  exposures  although  it  occasionally  oc- 
curs within  the  spruce-fir  forest.  Aspen  (Pop- 
ulus  tremuloides)  frequently  occurs  at  the 
base  of  steep,  south-facing  exposures  (Ellison 
1954)  and  is  most  common  in  the  lower  part 
of  the  zone. 

Douglas  fir-white  fir-blue  spruce  zone 
(3048-2438  m):  The  mixed  conifer  forest  at 
these  elevations  is  usually  dominated  by 
Douglas  fir  {Pseudotsuga  menziesii),  which 
has  a  broad  elevational  range.  Douglas  fir  is 
distributed  from  the  spruce-fir  zone  in  the 
Abajo  Mountains  down  to  1830  m  in  Natural 
Bridges  National  Monument.  White  fir  {Abies 
concolor)  and  Douglas  fir  share  dominance  on 
sheltered  and  north-facing  slopes.  Riparian 
forests  at  these  elevations  are  dominated  by 
blue  spruce,  white  fir,  and  aspen.  Blue  spmce 
often  extends  down  to  low  elevations  along 
the  major  canyon  streams.  Along  upper  In- 
dian Creek  on  the  north  side  of  the  Abajos, 
blue  spruce  can  occur  down  to  2320  m.  Xeric 
exposures  in  this  zone  are  frequently  occu- 
pied by  limber  pine  at  the  higher  elevations 
and  ponderosa  pine  {Pinus  ponderosa)  on  the 
lower  slopes.  Large  portions  of  the  exposed 
uplands  may  be  clad  in  ponderosa  pine  forest 
at  the  lower  elevations.  Many  of  the  under- 
story  shrubs  in  this  mixed-conifer  forest  are 
the  same  as  in  the  spruce-fir  zone,  with  two 
important  additions— Rocky  Mountain  maple 
{Acer  glabrum)  and  serviceberry  {Amelan- 
chier  utahensis). 

Ponderosa  pine-Gambel  oak  zone 
(2740-1830  m):  This  zone  is  dominated  by 
ponderosa  pine  and  the  deciduous  Gambel 
oak  {Quercus  gambelii).  At  higher  elevations, 
extensive  clones  of  Gambel  oak  apparently 
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have  developed  from  a  single  individual  over 
a  period  of  several  hundred  years.  Ponderosa 
pine  may  form  thick  stands  on  the  broken 
slopes  of  the  Abajos,  or  occur  as  parkland  as 
on  Elk  Flidge  near  Bear's  Ears.  Douglas  fir 
commonly  occurs  in  this  zone,  particularly  at 
the  base  of  cliffs  with  northerly  exposures. 
Gallery  forests  with  an  overstory  of  pon- 
derosa pine  extend  down  to  1830  m  in  Cot- 
tonwood Wash  and  its  tributaries.  The  lowest 
stand  of  ponderosa  pine  in  the  study  area  in  a 
riparian  setting  is  at  1700  m  near  the  source 
of  Butler  Wash  on  the  east  side  of  Comb 
Ridge.  The  ponderosa  pine-Gambel  oak  zone 
shares  many  shmbby  species  with  the  lower 
pinyon-juniper  woodland.  Some  of  the  com- 
mon trees  and  shrubs  include  Rocky  Moun- 
tain juniper  (Juniperus  scopulonim),  moun- 
tain mahogany  {Cercocarpus  spp.), 
serviceberry,  snowberry,  kinnick-kinnick 
(Arctostaphylos  uva-ursi),  buckbrush  (Cea- 
nothus  fendleri),  squawbush  {Rhus  trilobata), 
bitterbrush  {Piirshia  tridentata),  water  birch 
{Betula  occidentalis),  rabbitbrush  (Chnjso- 
thamnus  viscidifloris),  and  big  sagebrush  {Ar- 
temisia tridentata). 

Pinyon-juniper  woodland  and  big  sage- 
brush parkland  (2290-1650  m):  The  domi- 
nant vegetation  type  in  the  area  is  a  wood- 
land of  Colorado  pinyon  {Pinus  edulis)  and 
Utah  juniper  {Juniperus  osteosperma).  The 
area  in  pinyon-juniper  woodland  greatly  ex- 
ceeds that  of  the  other  vegetation  zones;  half 
of  San  Juan  County  lies  between  1830  and 
2130  m  elevation.  Pinyon  may  occur  up  to 
9000  ft  (2743  m),  as  on  the  summit  of  Bear's 
Ears  on  Elk  Ridge.  Scattered  Utah  junipers 
are  not  uncommon  below  1520  m.  In  this 
zone,  pure  stands  of  big  sagebrush  often  cov- 
er wide  expanses,  especially  in  the  shallow 
divides  at  the  heads  of  drainages  and  general- 
ly where  soils  are  relatively  deep  but  lack  a 
well-developed  calcic  layer.  Common  shrubs 
in  the  pinyon-juniper  woodland  and  sage- 
brush parkland  include  serviceberry,  single- 
leaf  ash  {Fraxinus  anomala),  roundleaf  buf- 
faloberry  {Shepherdia  rotundifolia),  mountain 
mahogany,  rabbitbrush,  snakeweed  {Gutier- 
rezia  spp.),  cliffrose  {Cowania  mexicana). 
Mormon  tea  {Ephedra  spp.),  yuccas  {Yucca 
spp.),  and  prickly  pear  {Opuntia 
polyacantha). 


Desert  shrub  zone  (1650-1340  m):  In  the 

study  area,  this  zone  is  more  or  less  com- 
pressed due  to  the  relatively  high  elevation 
of  the  San  Juan  River.  Almost  pure  stands  of 
blackbmsh  {Coleogyne  ramosissima)  occur  on 
the  sandy  slopes  west  of  Comb  Wash,  its  up- 
per limits  overlapping  the  lower  limits  of 
Utah  juniper.  Typical  stands  in  lower  Road 
Canyon  west  of  Comb  Ridge  are  interspersed 
with  galleta  grass  {Hilaria  jamesii),  Indian 
ricegrass  {Onjzopsis  hymenoides),  snakeweed, 
and  Mormon  tea.  Sand  dunes  in  this  zone  are 
frequently  vegetated  by  sand  sagebrush  {Arte- 
misia filifolia),  single-leaf  ash,  and  sand  oak 
{Quercus  undukita).  In  the  lower  parts  of  the 
zone,  shadscale  {Atriplex  confertifolia)  is  com- 
mon though  it  seldom  occurs  in  pure  stands. 
Other  common  shrubs  at  these  elevations  in- 
clude several  saltbushes  {Atriplex  spp.),  buck- 
wheats {Eriogonum  spp.),  and  greasewood 
{Sarcobatus  vermiculatus).  The  latter  is  the 
principal  phreatophyte  in  the  zone  and  domi- 
nates the  lower  courses  of  Cottonwood,  But- 
ler, and  Comb  washes. 

Climate 

Probably  the  most  useful  scheme  to  de- 
scribe air  flow  patterns  over  southeastern 
Utah  is  provided  by  Mitchell  (1976),  who 
uses  equivalent  potential  temperature  to  de- 
termine seasonal  locations  of  air  mass  bound- 
aries over  the  western  United  States.  Mitchell 
notes  a  winter  pattern  from  November 
through  March  and  a  summer  pattern  from 
June  through  September,  with  April,  May, 
and  October  as  transitions  between  the  two 
modes.  Two  equivalent  potential  temper- 
ature gradients,  one  in  winter  and  the  other 
in  summer,  traverse  northern  and  south- 
eastern Utah,  respectively  (Mitchell  1976, 
Fig.  3). 

The  winter  gradient  across  northern  Utah 
(ca  41°  N  lat.)  coincides  with  a  convergence 
zone.  Flow  below  the  boundary  is  southerly, 
originating  in  the  anticyclone  over  southern 
Nevada.  To  the  north,  the  flow  is  westerly 
from  the  Pacific  Ocean.  Several  times  during 
winter  the  anticyclone  breaks  down  and  al- 
lows storm  tracks  from  the  northern  Pacific 
Ocean  Aleutian  Low  to  shift  southward.  This 
mechanism  is  responsible  for  most  of  the  win- 
ter precipitation  in  southeastern  Utah.  The 
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winter  gradient  separates  cold,  polar  air  from 
warmer  subtropical  air.  The  summer 
gradient,  commonly  called  the  monsoon 
boundary,  nms  diagonally  from  western  Ari- 
zona, across  southeastern  Utah  and  north- 
western Colorado,  and  into  the  Great  Plains. 
During  middle  to  late  summer  (July,  August, 
and  September),  the  area  east  of  the  bound- 
ary is  under  the  influence  of  the  Bermuda 
High  over  the  Atlantic  Ocean,  but  to  the 
north,  westerly  flow  from  over  the  Pacific 
ocean  predominates.  Flow  around  the  west- 
em  end  of  the  Bermuda  High  produces  in- 
cursions of  moist  air  over  the  southeastern 
part  of  the  western  United  States.  These  in- 
cursions are  responsible  for  the  distinct  sum- 
mer rainy  season  over  much  of  the  South- 
west. The  subtropical  moisture  originates 
both  from  the  Gulf  of  Mexico  (Bryson  and 
Lowry  1955)  and  from  the  Gulf  of  California 
(Hales  1974).  Both  the  winter  and  summer 
gradients  have  been  linked  to  jet  stream  pat- 
terns. The  winter  gradient  has  been  related 
to  the  tropospheric  polar  jet  stream  (Reed 
1979,  Mullen  1979),  whereas  the  monsoonal 
pattern  is  linked  to  the  subtropical  jet  stream 
(Bryson  and  Lowry  1955). 

Secular  trends  in  the  climate  of  the  South- 
west suggest  that  the  two  patterns,  though 
occurring  in  different  seasons,  are  in  direct 
opposition  throughout  the  year  (Sellers  1960). 
This  has  broad  implications  for  any  consid- 
eration of  past  climates  in  southeastern  Utah, 
particularly  if  trends  of  longer  duration  (on 
the  order  of  several  millennia)  are  caused  by 
major  shifts  in  the  position  of  the  jet  streams. 
Generally,  a  southerly  displacement  of  the 
polar  jet  stream  produces  a  cooling  trend;  a 
warming  trend  is  associated  with  a  shift  to 
the  north.  In  the  last  100  years,  a  warming 
trend  occurred  prior  to  1940  and  temper- 
atures have  been  decreasing  since  that  time 
in  the  northern  hemisphere  (Miles  1978). 
Nielson  and  Wullstein  (1983)  have  examined 
the  two  trends  as  manifested  in  June  and  July 
latitudinal  precipitation  profiles  along  the 
gradient  from  Logan,  Utah  (42°  N  lat.)  to 
Flagstaff,  Arizona  (35°  N  lat.).  During  the 
cooling  trend,  the  monsoon  withdraws  to  the 
south  and  its  peak  intensity  shifts  from  July 
to  August.  Frequency  patterns  of  early  and 
late  winter  frontal  systems  occur  approx- 
imately one  month  later  than  usual,  signifi- 
cantly increasing  June  precipitation  (late 


spring  cyclonics  from  the  north).  June  precip- 
itation decreases  from  north  to  south  along 
the  gradient,  opposite  the  trend  for  July. 
During  warming  trends,  Nielson  and  Wull- 
stein (1983)  note  an  increase  in  July  precipi- 
tation to  the  north,  due  to  radial  expansion  of 
the  Bermuda  High.  In  Arizona,  Sellers  (1960) 
notes  that  September  precipitation  from  a 
Pacific  source  is  closely  related  to  the  precip- 
itation for  the  preceding  winter  and  that  in- 
creases are  favored  by  a  southward  dis- 
placement of  the  middle  latitude  storm  track. 
Heavy  September  precipitation  in  Arizona  is 
mostly  related  to  tropical  disturbances  in  the 
Pacific  Ocean.  The  conditions  favorable  for 
high  September  precipitation  are  not  favor- 
able for  July  precipitation. 

For  southeastern  Utah  a  southward  dis- 
placement of  the  polar  jet  stream  might  re- 
sult in  increased  winter  precipitation,  a  de- 
crease in  midsummer  precipitation,  cooler 
summer  temperatures,  and  a  higher  incidence 
of  spring  freezes.  Possible  increases  in  June 
and  September  precipitation  may  also  be  re- 
lated to  what  Gifford  et  al.  (1976)  refer  to  as 
the  Southern  Utah  Low.  This  is  a  high  alti- 
tude low  pressure  system  that  today  produces 
widespread  precipitation  in  May  and  Octo- 
ber, during  the  transition  from  winter  cyclon- 
ic to  summer  anticyclonic  circulation  pat- 
terns. A  northward  shift  of  the  jet  stream 
(contraction  of  the  polar  vortex)  might  result 
in  higher  annual  temperatures,  a  decrease  in 
winter  moisture,  an  increase  in  midsummer 
precipitation,  and  a  relative  dry  late  spring 
and  foresummer. 

As  in  other  parts  of  the  West,  temperature 
and  precipitation  are  greatly  influenced  by 
elevation  in  southeastern  Utah.  In  general,  air 
temperatures  decrease  and  precipitation  in- 
creases with  elevation.  In  the  Intermountain 
West,  both  relationships  are  largely  linear  for 
every  month  of  the  year  (Price  and  Evans 
1937,  Baker  1944,  Lull  and  Ellison  1950, 
Williams  and  Peck  1962,  Houghton  1979). 
Vertical  gradients  for  temperature  and  pre- 
cipitation in  winter  (Oct. -Mar.),  summer 
(Apr. -Sept.),  and  the  hydrological  year 
(Apr.-Sept.)  were  reconstructed  from  the  last 
20  years  of  record  at  18  stations  between 
1209  and  2079  m  in  southeastern  Utah  (Table 
1,  Fig.  1).  These  gradients  may  be  unusually 
low  because  the  elevational  range  of  the  sta- 
tions is  small  and  they  are  all  located  in  areas 
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of  relatively  low  relief  below  the  base  of  the 
mountains.  An  annual  rate  of  -0.59  C/100  rn 
is  recorded  for  the  nearby  San  Juan  Moun- 
tains of  southwestern  Colorado  (Barry  and 
Bradley  1976),  a  higher  figure  than  the  -0.45 
C/100  m  obtained  for  .southeastern  Utah. 
The  regression  equations  for  precipitation 
(Fig.  1)  also  grossly  underestimate  annual 
precipitation  in  the  mountains.  The  Soil  Con- 
servation Service  maintains  two  rain  gauges 
near  the  lower  limits  for  Engelmann 
spruce-alpine  fir  forest  in  the  Abajo  Moun- 
tains Camp  Junction  (2804  m)  and  Buckboard 


Flat  (2865  m).  Mean  annual  precipitation  av- 
eraged over  the  past  20  years  is  720  mm  for 
Camp  Junction  and  790  mm  at  Buckboard 
Flat.  The  regression  equations  using  data 
from  lower  elevations  predict  from  440  to 
450  mm  at  these  two  sites,  underestimating 
real  precipitation  by  about  40  percent.  The 
gradients  for  precipitation  between  Mon- 
ticello  (2079  m)  and  Buckboard  Flat  (2865  m) 
is  ca  52  mm/100  m  or  3  times  steeper  than 
the  average  rate  calculated  from  the  18  sta- 
tions below  the  base  of  the  mountains.  The 
steeper  rate  is  comparable  to  the  41  mm/ 100  m 


Table  1.  Climatic  stations  and 
precipitation  in  southeastern  Utah. 


years  of  records  used  to  calculate  elevational  gradients  for  temperature  and 


Station 


Elevation 

(m) 


Latitude 
(North) 


Longitude 

(West) 


TeiTiperature— 
years  of 
record  used 


Precipitation- 
years  of 
record  used 


Moab 

1209 

38° 36' 

109°  36' 

1962-1967,  1969- 
1971,  1973-1976, 
1978-1979 

1961-1980 

Green  River 

1241 

39°00' 

110°10' 

1961-1972,  1975 

1961-1980 

Dewey 

1256 

38°48' 

109° 18' 

1970,  1973-1978, 
1980 

1968-1975, 
1977-1980 

Mexican  Hat 

1256 

37°  09' 

109° 52' 

1961,  1963,  1966- 
1968,  1970-1971, 
197,3-1980 

1961-1968, 
1970-1980 

Hanksville 

1313 

38°  22' 

110°43' 

1961-1980 

1961-1980 

Bluff 

1315 

38°  17' 

109°, 33' 

1962-1966,  1968- 
1980 

1961-1980 

Aneth  Plant 

1409 

.37°  15' 

109°20' 

1966,  1968-1980 

1966-1980 

Hovenweep 

1.597 

,37°  23' 

109° 05' 

1961-1974,  1976- 
1980 

1961-1980 

Canyonlands— 
The  Needle 

15,36 

38° 09' 

109° 45' 

1966-1970,  1972, 
1974,  1979-1980 

1966-1980 

Monument  Valley 
Mission 

1615 

37°09' 

110° 13' 

1964,  1966-1967, 
1969-1970,  1972, 
1974,  1979-1980 

196.3-1980 

Capitol  Reef 
Nat.  Monument 

1676 

,38°  17' 

liri6' 

1968-1980 

1968-1980 

Castle  Dale 

1725 

,39°  13' 

iiror 

1961-1968,  1971- 
1980 

1961-1980 

Canyonlands— 
The  Neck 

1798 

,38°  27' 

109° 50' 

1966,  1968-1972, 
1976-1980 

1966-1980 

Ferron 

1807 

,39°  05' 

iiro8' 

1961-1969,  1971, 
1973,  1976-1980 

1961-1980 

Blanding 

1868 

,37°, 37' 

109°28' 

1961-1980 

1961-1980 

Natural  Bridges 

1981 

37°. 37' 

109°59' 

1967,  1969-1977, 
1979-1980 

1966-1980 

Cedar  Point 

2060 

37°43' 

109°05' 

1964-1980 

1961-1980 

Monticello 

2079 

,37°  52' 

109° 18' 

1961-1980 

1961-1980 
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Fig.  1.  Linear  regressions  that  express  the  relationship  between  temperature  and  precipitation  with  elevation 
from  18  climatic  stations  in  southeastern  Utah. 
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cited  for  the  Wasatch  Plateau  of  central 
Utah,  using  data  from  an  elevational  range  of 
1690  to  3110  m  (Lull  and  Ellison  1950). 

Obviously,  mountainous  terrain  has  a 
greater  physical  effect  on  storm  systems  than 
the  lesser  plateaus.  A  significant  difference 
lies  in  the  steeper  rates  of  increase  for  winter 
precipitation  at  higher  elevations  (above 
2130  m).  One  explanation  might  involve  sea- 
sonal variations  in  the  type,  areal  extent,  and 
direction  of  storm  systems  relative  to  the  net- 
work of  stations.  In  winter,  convergent-type 
storms  are  subject  to  orographic  uplift  over  a 
wide  area.  The  paths  of  convective  storms 
during  summer  are  highly  erratic,  and  the 
precipitation-elevation  relationship  is  partly 
a  function  of  a  station's  location  along  the 
path  of  an  individual  storm  (Lull  and  Ellison 
1950).  An  equally  important  factor  is  the 
temperature  at  the  site  of  the  precipitation. 
On  cloudy  days  in  winter,  there  may  be  no 
rainfall  at  the  lower  elevations,  but  snow  is 
prevalent  with  the  onset  of  freezing  temper- 
atures in  the  mountains. 

The  regression  equations  from  Figure  1  are 
used  later  to  predict  climate  at  the  elevations 
of  fossil  localities  and  the  modern  analogs  for 
late  Wisconsin  assemblages.  The  lower  rates 
associated  with  the  18  lowland  stations 
should  provide  minimum  estimates  for  the 
lower  temperature  and  higher  precipitation 
inferred  for  the  last  Wisconsin.  The  potential 
error  in  underestimating  the  steeper  rates  in 
mountainous  terrain  is  taken  into  account. 

Results 

Two  large  rock  shelters  along  the  Comb 
Ridge-Abajo  Mountains  gradient  (Fig.  2) 
yielded  midden  sequences  spanning  the  last 
13,000  years.  Fishmouth  Cave  (37°25'45"N, 
109°  39' W;  1585  m)  is  located  on  the  east 
side  of  Comb  Ridge,  about  20  km  northwest 
of  Bluff.  Allen  Canyon  Cave  (37°47'30"N, 
109°35'30"W;  2095  m)  was  spotted  from  the 
main  road  that  skirts  the  base  of  Mt.  Lin- 
neaus  some  20  km  northwest  of  Blanding. 

Fishmouth  Cave  (Fig.  3)  is  a  large  shelter 
(75  m  wide,  75  m  deep,  and  up  to  40  m  high) 
that  is  plainly  visible  from  several  vantage 
points  along  the  monoclinal  valley  of  Butler 
Wash.  The  shelter  has  been  visited  by  several 
notable  geologists  and  archaeologists,  but  is 


mentioned  only  briefly  in  the  literature.  The 
inscription  "Hyde  Exploring  Expedition,  R. 
W.,  1894"  on  the  back  wall  refers  to  a  visit 
from  Richard  Wetherill,  an  adventurous 
rancher  financed  by  the  expedition  to  re- 
connoiter  prehistoric  ruins  in  southeastern 
Utah.  Pmdden  (1903:275)  describes  the  cave 
briefly  from  Wetherill's  correspondence.  A 
photograph  of  the  cave  also  appears  in  Greg- 
ory's (1938,  Plate  23Ai)  classic  treatise  on  the 
geology  of  southeastern  Utah. 

Vegetation  on  slopes  adjoining  Fishmouth 
Cave  can  be  described  as  juniper  grassland. 
The  lower  edge  of  the  pinyon-juniper  wood- 
land is  but  a  few  kilometers  north  along 
Comb  Ridge  and  barely  50  m  higher  in  eleva- 
tion. Riparian  vegetation  along  the  deeply 
entrenched  channel  of  Butler  Wash  is  domi- 
nated by  Fremont  cottonwood  {Populus  fre- 
montii),  narrowleaf  cottonwood  {Populus 
angustifolia),  and  tamarisk  {Tamarix  ramosis- 
sima).  Impenetrable  thickets  of  young  tama- 
risks choke  the  confluence  of  Butler  Wash 
and  the  ravine  leading  out  from  the  cave. 
Other  common  plants  in  the  confluence  area 
are  willows  (Salix  spp.),  greasewood  (Sarco- 
batus  vermiculatus),  rabbitbrush  {Chryso- 
thamnus  nauseosus),  Russian  thistle  (Salsola 
iberica),  fourwing  saltbush  {Atriplex  canes- 
cens),  and  summer  cypress  {Kochia  spp.). 
Table  2  lists  plants  found  within  100  m  of  the 
cave  entrance.  Slope  exposure  near  the  cave 
entrance  is  to  the  northeast. 

Allen  Canyon  Cave  (Fig.  4)  is  a  slightly 
smaller  shelter  located  on  the  north  side  of  a 
ridge  of  Navajo  Sandstone  separating  Allen 
Canyon  from  an  unnamed  tributary  in  the 
area  of  Bayles  Pasture.  Both  drainages  have 
their  sources  on  the  west  slopes  of  Mt.  Lin- 
neaus,  eventually  flowing  into  South  Cotton- 
wood Wash,  which  closely  parallels  Butler 
Wash  en  route  to  the  San  Juan  River.  Mt. 
Linneaus  (6.4  k  distant)  and  the  spruce-fir 
forest  near  its  summit  are  neatly  framed  by 
the  arched  ceiling  when  one  looks  out  from 
the  cave.  On  the  exposed  ridge  above  the 
shelter,  pinyon  pine  and  Utah  juniper  pre- 
dominate with  scattered  ponderosa  pine. 
Along  the  base  of  the  cliffs,  the  dominant 
tree  is  Douglas  fir,  with  aspen  groves  located 
in  pockets  of  deeper  soils.  On  the  gentle 
slope  leading  down  to  the  level  valley  is  a 
dense  stand  of  Rocky  Mountain  maple  (Acer 
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Fig.  2.  The  central  portion  of  the  Colorado  Plateaus  showing  location  of  fossil  localities  discussed  in  text. 


glabnim),  interspersed  with  Gambel  oak,  wa- 
ter birch  (Betula  occidentalis),  and  elderberry 
{Sambucus  sp.).  Table  3  lists  plants  growing 
on  the  northwest-facing  slope  in  front  of  Al- 
len Canyon  Cave. 

Eight  middens  (a  total  of  16)  were  collect- 
ed from  40  to  50  middens  scattered  on  the 


floor  and  talus  of  each  cave.  All  middens 
were  briefly  inspected  and  samples  were  col- 
lected to  represent  the  total  variability  in 
plant  macrofossil  assemblages.  Based  on  field 
examination  of  midden  surfaces  and  prelimi- 
nary lists  of  plant  macrofossils,  I  anticipated 
that  both  sequences  encompassed  the  interval 
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Table  2.  Plant  list  from  within  100  m  of  Fishmonth 
Cave. 

Agavaceae 

Yucca  angustissima  Engelm.  —  narrowleaf  yucca 
.\nacardiaceae 

Rhus  trilobata  Nutt.  —  squawbush 
.\sclepiadaceae 

Asclepias  asperula  (Decme.)  Woodson  —  milkweed 

BoRXGINACEAE 

Cnjptantha  jamesii  (Torr.)  Payson  —  catseye 
Lappula  redotcskii  (Hornem.)  Greene  —  stickseed 

Cactaceae 

Opuntia  phcwacantha  Engelm.  —  variable  prickly  pear 
Opuntia  pohjacantha  Haw.  —  Plains  prickly  pear 

Chenopodiaceae 

Atriplex  canescens  (Pursh)  Nutt.  —  fourwing  saltbush 
Ceratoides  lanata  (Pursh)  J.  T.  Howell  —  winterfat 

Cleomaceae 

Clecmie  serrulata  Pursh  —  Rocky  Mountain  beeweed 

COMPOSITAE 

Artemisia  ludoviciana  Nutt.  —  white  sage 

Artemisia  tridentata  Nutt.  —  big  sagebrush 

Aster  sp.  —  aster 

BrickeUia     californica     (Torr.     &     Gray)     Gray  — 
brickellbush 

Chn/sothamnus  nauseosus  (Pall.)  Britt.  —  rabbitbu.sh 

Gutierrezia    sarothrae    (Pursh)    Britt.    &    Rusby  — 
snakeweed 

Hetcrotheca  villosa  (Pursh)  Shinners  —  golden  aster 

Lijgodesmia   grandiflora   (Nutt.)   T.   &   G.  —  .skeleton 
plant 

Xanthium  strumarium  L.  —  cocklebur 
Cruciferae 

Stanleya  pinnata  (Pursh)  Britton  —  desert  plume 

CUPRESSACEAE 

Juniperus  ostcosperma  (Torr.)  Little  —  Utah  juniper 
Elaecnaceae 

Shepherdia  rotundifolia  Parry  —  roundleaf  buffalo- 
berry 
Ephedraceae 

Epiiedra  viridis  Gov.  —  Mormon  tea 
Fagaceae 

Quercus  gamhelii  Nutt.  —  Gambel  oak 
Gramineae 

Bouteloua  barbata  Lag.  —  sixweeks  grama 

Boiiteloua    curtipendula    (Michx.)    Torr.  —  sideoats 
grama 

Bromus  tectorum  L.  —  cheatgrass 

Hilana  jamesii  (Torr.)  Benth.  —  galleta 

Oryzopsis  hymenoides  (Roem.  &  Schut.)  Ricker  —  In- 
dian ricegrass 

Sitanion  hystrix  (Nutt.)  J.  G.  Smith  —  bottlebrush 

JUNCACEAE 

Jtincus  sp.  —  nish 
Leguminosae 

Astragalus  sp.  —  milkvetch 

Melilotus  albus  Desr.  —  white  sweet  clover 
Malvaceae 

Sphaeralcea  sp.  —  globemallow 
Oleaceae 

Fraxinus  anomala  Torr.  —  single  leaf  ash 
Onagraceae 

Oenothera  hookeri  T.  &  B.  —  evening  primrose 


Table  2  continued. 


Oenothera    neomexicana    (Small)    Munz.  —  evening 
primro.se 
Polemoniaceae 

Ipomopsis  aggregata  (Pursh)  Spring.  —  shooting  star 

POLYGONACEAE 

Eriogontim  corymbosum  Benth.  —  wild  buckwheat 
Eriogonum  inflatum  Torr.  &  Frem.  —  desert  trumpet 
Eriogonurn  alatum  Torr.  —  winged  buckwheat 
Ranu.nculaceae 

Clematis  ligusticifolia  Nutt.  —  virgin's  bower 

ROSACEAE 

Amelanchier  utahensis  Koehne  —  serviceberry 

Cercocarpus  intricatus  S.  Wats  —  littleleaf  mountain 
mahogany 
Salicaceae 

Salix  exigua  Nutt.  —  coyote  willow 

Poptdus  fremontii  Wats.  —  Fremont  cottonwood 
Scrophulariaceae 

Castilleja    linariaefolia    Benth.    ex.    DC.  —  Indian 
paintbnish 

Cordylanthus  wrightii  Gray  ex  Torr.  —  birdbeak 
Ulmaceae 

Celtis  reticulata  Torr.  —  netleaf  hackberry 


from  late  Wisconsin  to  present.  Table  4  lists 
the  weight  statistics  for  all  middens,  showing 
surprisingly  little  variation  in  the  percentage 
of  organic  residue  saved  during  washing  or       I 
the   concentration  of  fecal   pellets  per  imit        ' 
mass. 

A  total  of  21  radiocarbon  samples  were 
used  to  determine  the  age  of  the  16  middens 
(Table  5).  The  material  dated  includes 
Douglas  fir  wood,  needles,  and  buds,  limber 
pine  needles  and  seeds,  Utah  juniper  twigs 
and  seeds,  and  packrat  pellets.  At  Fishmouth 
Cave,  the  midden  sequence  spans  the  interval 
from  12,770  to  2260  B.P.  The  Allen  Canyon 
series  encompasses  the  period  from  11,310  to 
1820  B.P.  At  both  localities  the  oldest  sam- 
ples (greater  than  9000  B.P.)  were  all  found 
on  the  steep  talus  toward  the  front  of  the 
shelter.  Younger  middens  are  most  common 
on  roof  fall  and  ledges  deeper  inside  the  shel- 
ter. This  pattern  is  partly  the  result  of  natural 
exfoliation  from  the  interior  walls.  As  the 
back  walls  recede,  old  roof  falls  are  buried  by 
progressively  younger  ones.  Outcrops  of  the 
oldest  roof  falls  occur  toward  the  front  of  the 
shelter.  If  a  threshold  slope  has  been  reached 
on  the  steep  talus,  the  downslope  waste  of 
the  younger  material  may  continue  to  expose 
the  outcrop  of  older  roof  fall.  The  high  in- 
cidence of  rock  slides  may  discourage  pack- 
rats  from  occupying  the  front  talus,  forcing 
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Table  3.  Plant  list  from  within  100  m  of  Allen  Can- 
yon Cave. 

ACERACEAE 

Acer  glabrum  Torr.  —  Rocky  Mountain  maple 
Agavaceae 

yucca  angiistissima  Engelm.  —  narrow  leaf  viicca 
Anacardiaceae 

Rhtis  radicans  L.  var.  rydhcrgii  (Small)  —  poison  ivy 

Rhus  trilohato  Nutt.  —  sqiiawbush 
Betulaceae 

Betula  occidentalis  Hook.  —  water  birch 
Boraginaceae 

Crtjptantha  sp.  —  catseye 

Hackelio  pinetorum  (Greene)  Johnst.  —  stickseed 

C.\CTACEAE 

Opuntia  polyacantha  Haw.  —  Plains  prickly  pear 
Caprifoliaceae 

Soinbuctis  sp.  —  elderberry 
Celestraceae 

Pachijstima  mijrsinites  (Piirsh)  Raf.  —  mountain  lover 
Chenopodiaceae 

Chenopodium  sp.  —  goosefoot 

CoMPOSITAE 

Antennaria  sp.  —  pussytoes 

Artemisia  hidoviciana  Nutt.  —  white  sage 

Aster  sp.  —  aster 

Brickellia  grandiflora   (Hook.)   Nutt.  —  large-flowered 
thoroughwort 

Chnjsothamnus      viscidiflortis      (Hook.)      Nutt.  — 
rabbitbnish 

Solidago  missouriensis  Nutt.  —  goldenrod 

Tragopogon  dubius  —  goatsbeard 
Cruciferae 

Stanleija  pinnata  (Pursh)  Britton  —  desert  plume 
Cupressaceae 

Juniperus  osteospenna  (Torr.)  Little  —  Utah  juniper 

Juniperus     scopulorum     Sarg.  —  Rocky     Mountain 
juniper 
Ericaceae 

Arctostaphijlos  uva-ursi  (L.)  Spreng.  —  kinnick-kinnick 
Fagaceae 

Qtiercus  gambelii  Nutt.  —  Gambel  oak 
Gramineae 

Festuca  sp.  —  fescue 

Muhlenbergia  sp.  —  muhly 
Hydrophyllaceae 

Phacelia  sp.  —  phacelia 
Hypnaceae 

Hypnum  cupressiforme  Hedw.  —  moss 
Leskeaceae 

Tliuidium  abietinuin  (Brid.)  BSG  —  moss 

LiLIACEAE 

Allium  sp.  —  wild  onion 
Onagraceae 

Oenothera    neomexicana    (Small)    Munz  —  evening 
primrose 
Pinaceae 

Pinus  edulis  Engelm.  —  Colorado  pinyon 

Pinus  ponderosa   var.   scopulorum   Engelm.  —  pon- 
derosa  pine 

Pseudotsuga  menziesii  (Mirb.)  Franco  —  Douglas  fir 
Polemo.niaceae 

Ipomopsis  aggregata  (Pursh)  Spengl.  —  skyrocket 


Table  3  continued. 


Polypodiaceae 

CheUanthes  sp.  —  lipfern 

ROSACEAE 

Amelanchier  utahensis  Koehne  —  Utah  serviceberry 

Cercocarpus   intricatus    Wats.  —  little   leaf   mountain 
mahogany 

Holodiscus       dumosa       (Nutt.)       Heller  —  shrubby 
creambush 

Prunus  virginiana  L.  —  western  chokecherry 

Rubus  sp.  —  blackberry 
Salicaceae 

Popuhis  tremuloides  Michx.  —  aspen 
Saxifragaceae 

Ribes  aiireum  Pursh.  —  golden  currant 


them  to  gentler  grades  toward  the  back  and 
sides  of  the  shelter. 

Cole  and  Mayer  (1982)  discuss  a  similar 
pattern  for  caves  in  the  Redwall  Limestone 
of  the  eastern  Grand  Canyon,  where  the  old- 
est middens  are  preserved  nearest  the  cave 
entrances.  Their  model  involves  rapid  retreat 
of  the  cliff  face,  rather  than  exfoliation  of  the 
interior  walls,  as  influencing  the  age  and  spa- 
tial distribution  of  middens.  The  effect  of 
roof  falls  as  a  burying  agent  may  not  apply  in 
the  relatively  narrow  caves  of  the  Redwall 
Limestone.  Increasing  darkness  with  depth 
may  be  a  deterrent  to  packrat  activity 
beyond  the  entrance  area  in  the  Grand  Can- 
yon caves,  so  that  midden  preservation  is  af- 
fected mostly  by  cliff  retreat  and  not  by  roof 
collapse. 

Multiple  dates  were  used  to  test  the  tem- 
poral integrity  of  four  of  the  midden  assem- 
blages. The  rationale  for  redating  these  as- 
semblages is  as  follows. 

FC  2  is  the  only  loose,  unindurated  midden 
collected  from  either  of  the  two  localities. 
Because  the  macrofossils  from  FC  2  were  not 
encased  in  hardened  urine  since  the  time  of 
deposition,  at  least  low  levels  of  con- 
tamination were  anticipated.  Initial  sorting 
of  the  midden  revealed  no  anomalies.  None- 
theless, we  independently  dated  Douglas  fir 
needles  (9340  B.P.)  and  packrat  fecal  pellets 
(10,360  B.P.).  These  dates  are  within  the 
1000  year  uncertainty  recommended  by 
Klein  et  al.  (1982)  to  account  for  cosmic  ray 
flux  in  samples  older  than  8000  B.  P.  Based 
on  the  lack  of  Utah  juniper  in  this  sample, 
which  first  appears  in  FC  5  at  9700  B.P.,  FC 
2  is  assigned  the  older  date  of  10,360  -I-  80 
B.P. 
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FC  3  is  an  indurated  midden  which  con- 
tains a  mix  of  Utah  and  Rocky  Mountain  juni- 
per associated  with  Hmber  pine  and  Douglas 
fir.  No  other  middens  from  this  locality  re- 
cord these  junipers.  Older  assemblages  only 
have  Rocky  Mountain  juniper,  and  samples 
younger  than  9700  B.P.  contain  Utah  juniper, 
which  is  at  the  site  today  and  is  the  most 
likely  candidate  for  contamination  in  older 
middens.  While  it  is  conceivable  that  FC  3 
represents  a  time  when  both  junipers  grew  at 
the  site,  independent  dates  on  Douglas  fir 
(10,540  ±  180  B.P.)  and  on  Utah  juniper 
(2790  ±  100  B.P.)  failed  to  bear  this  out.  Be- 
cause of  the  great  discrepancy  between  the 
two  dates,  this  sample  was  excluded  from  fur- 
ther analysis. 

AC  1  is  an  early  Holocene  assemblage, 
where  I  suspected  no  contamination  but 
wished  to  test  potential  differences  between 
dates  from  a  single  wood  fragment  and  a 
composite  sample  of  specimens  from  the 
same  species,  in  this  case  Douglas  fir.  The 


two  dates  overlap  at  two  standard  deviations. 
An  equal  portion  of  the  same  Douglas  fir 
branch  was  dated  by  a  second  C-14  facility 
with  comparable  results. 

Redating  of  AC  8  was  the  most  problem- 
atical. An  initial  date  of  7350  ±  100  B.P. 
suggests  that  limber  pine,  spruce,  and  other 
montane  elements  persisted  until  the  middle 
Holocene.  Another  midden  (AC  2)  nearby 
lacks  these  elements  and  records  the  arrival 
of  several  new  taxa  at  7200  ±  90  B.P.  Two 
lines  of  reasoning  suggest  that  the  7530  B.P. 
date  is  incorrect.  Primarily,  AC  8  is  similar  in 
macrofossil  composition  to  AC  1  and  AC  9, 
which  dated  at  ca  10,000  B.P.  Also,  the  dif- 
ference in  assemblages  between  AC  8  and 
AC  2  is  so  great,  yet  the  age  differences  so 
negligible,  that  these  middens  either  mark  an 
abrupt  vegetation  change  or  one  or  both  of 
the  dates  are  incorrect.  I  chose  to  redate  AC 
8,  anticipating  a  new  date  of  ca  10,000  B.P.  I 
accept  the  second  date  of  10,140  ±  190  B.P. 
and  reject  the  first  date  of  7530  ±  200  B.P. 


Table  4.  Weight  statistics  of  middens  from  Fishniouth  Cave  (FC)  and  Allen  Canyon  Cave  (AC).  All  weights  in 
grams. 


Indurated 

Washed 

Neotoma 

Plant 

Midden 

weight 

weight 

w/i 

pellets 

p/w 

matrix 

number 

(i) 

(w) 

(%) 

(P) 

(%) 

(w-p) 

FC  1 

993.6 

162.5 

16.35 

75.6 

46.52 

86.9 

FC2° 

- 

178.0 

- 

163.3 

58.74 

114.7 

FC3 

1312.6 

236.8 

18.04 

112.4 

47.47 

124.4 

FC4 

842.1 

123.6 

14.68 

54.4 

44.01 

69.2 

FC5 

842.1 

182.9 

21.72 

70.2 

38.38 

112.7 

FC6 

1181.2 

201.6 

17.07 

51.4 

25.50 

150.2 

FC7 

1125.8 

247.0 

21.94 

103.1 

41.74 

143.9 

FC9 

879.8 

108.7 

12.36 

46.4 

42.69 

62.3 

MEAN 

1025.3 

192.6 

17.45 

84.6 

43.13 

108.0 

AC  1 

916.1 

166.6 

18.19 

72.5 

43.51 

94.1 

AC  2 

868.0 

114.2 

13.16 

54.7 

47.90 

.    59.5 

AC  4" 

1951.7 

98.7 

5.06 

32.4 

34.58 

66.3 

ACS 

1105.6 

110.6 

10.00 

39.7 

35.90 

70.9 

AC  6 

952.1 

69.4 

7.29 

25.6 

36.89 

43.8 

AC  7 

1724.8 

175.3 

10.16 

54.3 

30.97 

121.0 

ACS 

1178.9 

181.6 

15.40 

82.0 

45.15 

99.6 

AC  9 

1081.1 

128.4 

11.88 

55.6 

43.30 

72.8 

MEAN 

1222.1 

130.6 

11.39 

52.1 

39.78 

78.5 

'Loose,  unindurated  deposit  collected  in  niche  created  by  boulders  on  talus  slope. 

"'Uriniferous  sample  collected  directly  below  ledge  where  modern  packrats  continue  to  perch  today.  Crystallized  urine  was  denser  than  in  the  other 
samples  from  this  locality. 
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To  accept  the  latter  would  require  explaining 
a  2,(XX)-year  lag  time  between  similar  vegeta- 
tion changes  at  Fishmouth  Cave  and  the  Al- 
len Canyon  locality. 

At  both  rockshelters,  low  levels  of  con- 
tamination were  anticipated  because  middens 
sparming  several  millennia  occur  side  by  side 
across  the  large  floor  areas.  Unindurated  mid- 
dens of  considerable  age  (e.g.,  FC  2)  provide 
loose  plant  material  for  construction  of  much 
younger  houses.  For  this  reason,  traces  of 
Douglas  fir  (1  or  2  needles)  are  likely  con- 
taminants in  FC  6  and  FC  9.  The  same  might 
be  true  for  the  single  limber  pine  needle  in 
FC  4.  At  the  Allen  Canyon  locality,  a  single 
limber  pine  needle  was  in  AC  2  and  is  con- 
sidered anomalous  to  the  rest  of  the  assem- 
blage. A  single  Utah  juniper  twig  in  AC  9 
may  represent  a  younger  contaminant. 

Seven  middens  from  Fishmouth  Cave 
yielded  a  total  of  67  taxa,  with  an  average  of 
21  taxa  per  sample  (Table  6).  At  the  Allen 
Canyon  locality,  73  taxa  were  identified  from 


eight  middens,  with  a  mean  of  25  taxa  per 
sample  (Table  7).  The  number  of  taxa  per 
midden  does  not  appear  to  be  a  function  of 
sample  size,  at  least  not  in  a  positive  sense. 
The  Spearman  rank-difference  correlation 
coefficient  was  computed  for  the  paired  ob- 
servations of  number  of  taxa  and  the  mass  of 
the  plant  matrix.  Surprisingly,  a  high  nega- 
tive correlation  (rho  =  -0.652)  was  obtained. 
Table  8  shows  that  the  negative  correlation 
arises  from  my  inherent  bias  to  collect  larger 
samples  from  middens  with  extralocal  plants 
combined  with  a  tendency  for  the  oldest  sam- 
ples to  yield  low  numbers  of  taxa.  In  the  time 
series  for  the  Allen  Canyon  locality,  a  strong 
trend  emerges  when  the  ratios  for  number  of 
taxa  to  mass  of  the  plant  matrix  are  com 
pared  (Table  8).  In  the  four  oldest  samples 
(late  Pleistocene-early  Holocene),  this  ratio 
ranges  from  0.17  to  0.32.  In  the  youngest 
four  samples  (middle  to  late  Holocene),  the 
values  range  from  0.38  to  0.62.  This  trend  is 
not  apparent  at  Fishmouth  Cave. 


Table  5.  Radiocarbon  dates  on  packrat  middens  from  Fishmouth  (FC)  and  Allen  Canyon  (AC)  caves,  San  Juan 
County,  Utah.  All  dates  are  calculated  on  the  Libby  half-life  of  5568  years. 


Midden 


Age 


Laboratory 
number 


Material  dated 


FCl 

12,770  ±  140 

BETA-5582 

FC2 

10,360  ±     80 

BETA-5761 

FC2 

9,340  ±  290 

BETA-5762 

FES 

10,540  ±  180 

BETA-5757 

FC3 

2,790  ±  100 

BETA-5758 

FC5 

9,700  ±  110 

BETA-5763 

FC4 

6,100  ±  100 

BETA-5759 

FC7 

3,740  ±     70 

BETA-5584 

FC6 

3,550  ±     60 

BETA-5764 

FC9 

2,260  ±    90 

BETA-5765 

AC? 

11,310  ±  200 

BETA-5756 

ACQ 

10,070  ±     70 

BETA-5767 

ACl 

10,030  ±  330 

BETA-5760 

ACl 

9,660  ±  140 

BETA-5589 

ACl 

10,030  ±  200 

DIC-2598 

ACS 

10,140  ±  190 

A-3120 

ACS 

7,530  ±  200 

BETA-5588 

AC  2 

7,200  ±    90 

BETA-5586 

AC  6 

3,400  ±     60 

BETA-5583 

ACS 

3,000  ±     70 

BETA-5585 

AC  4 

1,820  ±    50 

BETA-5766 

Pinus  flexilis  needles  and  seeds 

Neotoma  fecal  pellets 

Pseudotsuga  inenziesii  needles,  twigs,  and  buds 

Pseudotsuga  menziesii  needles,  twigs,  and  buds 

Juniperus  osteosperma  twigs  and  seeds 

Jtiniperiis  osteosperma  twigs  and  seeds 

Juniperus  osteosperma  twigs  and  seeds 

Juniperus  osteosperma  twigs  and  seeds 

Juniperus  osteosperma  twigs  and  seeds 

Juniperus  osteosperma  twigs  and  seeds 

Pinus  flexilis  needles 

Neotoma  fecal  pellets 

Pseudotsuga  menziesii  needles,  twigs,  and  buds 

P.  menziesii  wood 

P.  menziesii  (same  branch  as  BETA-5589) 

Neotoma  fecal  pellets 

Pseudotsuga  menziesii  needles,  twigs,  and  buds 

Neotoma  fecal  pellets 

Neotoma  fecal  pellets 

Neotoma  fecal  pellets 

Neotoma  fecal  pellets 
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Table  6.  Plant  macrofossils  and  their  relative  abundances  in  fossil  packrat  middens  from  Fishmouth  Cave,  San 
Juan  County,  Utah.  1  =  rare,  2  =  uncommon,  3  =  common,  4  =  very  common,  5  =  abundant,  ?  =  possible 
contaminant. 

^  ^8  2  8  O  Q  Q 

__-H-H  -H  +1  -H  -H 


Species 

Common  name 

FC  1 

FC2 

FC5 

FC4 

FC7 

FC6 

FC9 

Trees,  Shrubs,  and  Succulents 

ci  Alntis 

alder 

2 

Amelonchier  utahensis 

Utah  serviceberry 

4 

2 

2 

2 

2 

2 

Artemisia  tridentata-iype 

sagebrush 

3 

2 

Atriplex  canescens 

fourwing  saltbu.sh 

2 

2 

2 

2 

Atriplex  sp.  (not 

A.  canescens) 

3 

Ceanothus  cifendleri 

buckbnish 

1 

Celtis  reticulata 

netleaf  hackberry 

2 

Ceratoides  lanata 

winterfat 

2 

2 

Cercocarpus  intricatus 

littleleaf  mountain 

mahogany 

3 

3 

2 

2 

2 

Cercocarpus  montanus 

alderleaf  mountain  mahogany 

2 

2 

Chrysothamnus  sp. 

rabbitbush 

2 

Corniis  stolonifera 

red  osier  dogwood 

4 

1 

1 

Conjphantha  sp. 

1 

Cowania  mexicana 

cliffrose 

3 

Ephedra  viridis 

Mormon  tea 

3 

Ephedra  sp. 

Mormon  tea 

2 

2 

3 

3 

3 

Fraxintis  anomala 

singleleaf  ash 

2 

1 

Gutierrezia  sarothrae 

snakeweed 

1 

1 

2 

3 

Juniperus  communis 

common  juniper 

3 

Juniperus  osteosperma 

Utah  juniper 

5 

5 

5 

5 

5 

Juniperus  scopulorum 

Rocky  Mountain  juniper 

4 

3 

Opuntia  polyacantha 

plains  prickly  pear 

2 

3 

3 

3 

2 

2 

3 

Picea  pungens 

blue  spruce 

2 

Pinus  edulis 

Colorado  pinyon 

3 

Pinus  flexiUs 

limber  pine 

5 

3 

1? 

Pseudotsuga  menziesii 

Douglas  fir 

5 

5 

3 

3 

1? 

1? 

Prunus  sp. 

chokecherry 

1 

Purshia  tridentata 

bitterbnish 

1 

Quercus  gainbelii 

Gambel  oak 

4 

2 

2 

Rhus  trilobata 

squawbush 

2 

1 

3 

2 

3 

2 

Rosa  woodsii 

rose 

2 

Sliepherdia  rotundifoha 

buffaloberry 

1 

Sclerocactus  sp. 

sclerocactus 

1 

Yucca  angustissima 

narrowleaf  yucca 

1 

3 

1 

2 

2 

Herbs 

Artemisia  htdoviciana 

white  sage 

1 

2 

2 

2 

Astragahis 

milkvetch 

1 

Brickellia  sp. 

brickellbush 

1 

2 

Chenopodium  sp. 

goosefoot 

2 

Cirsium  sp. 

thistle 

2 

Cryptantha  sp. 

catseye 

1 

2 

Euphorbia  sp. 

spurge 

1 

1 

HeUanthus  sp. 

sunflower 

2 

2 

2 

2 

Heterotheca  villosa 

golden  aster 

2 

cf  Hymenoxys 

hymenoxys 

1 

cf  Ipomopsis 

gilia 

1 

1 

1 

Lappula  redowskii 

stickseed 

1 

1 

Lepidium  sp. 

peppergrass 

1 

2 
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Species 


Common  name 


FC  1       FC  2       FC  5       FC  4       FC  7       FC  6      FC  9 


Planta^o  sp. 
Pohjooniim  sp. 
SpJuienihca  sp. 
Thitidium  abietintim 

Grasses 

Agroptjron  sp. 
Agropyron  ci  smith ii 
Andropogon  scopariiis 
Bouteloua  harhata 
Boutt'loua  ciiiiipendulo 
Echinochloa  crusgaUii 
Enneapogon  desvauxii 
Fe.sttica  ovina 
Hilaria  jamesii 
Hordeum  ci  pttsiUutn 
Koeleria  cristata 
Muhlenbergia  cf  piingens 
Miinroa  squarrosa 
Onjzopsis  h nmenoides 
Poa  cf  fcndlcriana 


Indian  plantain 
knotweed 
globemallow 
moss 


wheatgrass 
wheatgrass 
little  bluestem 
sixweeks  grama 
sideoats  grama 
barnyard  grass 
spike  pappu.sgrass 
fescue 
galleta 
little  barley 
crested  wheatgrass 
pungent  muhly 
false  buffalograss 
Indian  ricegrass 
muttongrass 


1 


1 

4  3  .3  1 

2  2  1 

N  =  13         N  =  24  N  =  20         N=16         N  =  20        N  =  32 


Number  of  taxa  (N)  =  67 


At  Allen  Canyon  one  is  tempted  to  infer  an 
increase  for  species  diversity  in  the  plant 
comniimity  during  the  middle  and  late  Holo- 
cene.  Species  diversity  in  modern  subalpine 
communities  (late  Pleistocene  and  early 
Holocene  assemblages)  is  generally  lower 
than  for  pinyon-juniper  woodland  or  stands 
of  Douglas  fir-ponderosa  pine  (middle  and 
late  Holocene  assemblages).  This  observation 
is  substantiated  for  modern  vegetation  on  the 
northern  Colorado  Front  Range  (Peet  1978, 
Figs.  1  and  4).  Other  explanations  might  be 
equally  viable  and  would  only  demonstrate 
the  difficulty  in  interpreting  the  number  of 
taxa  identified  from  packrat  middens.  Par- 
ticularly relevant  is  the  notion  that  the  num- 
ber of  taxa  is  also  a  fimction  of  my  own  abili- 
ty to  identify  plant  parts.  Greater  familiarity 
with  understory  plants  in  pinyon-juniper 
woodland  than  in  subalpine  forest  might  pro- 
duce a  pattern  similar  to  that  noted  for  the 
Allen  Canyon  sequence. 

A  total  of  106  plant  taxa  was  identified 
from  the  15  middens  reported  in  Tables  6 
and  7.  Of  these,  34  are  shared  by  both  the 


Fishmouth  Cave  and  Allen  Canyon  se- 
quences. In  the  majority  of  cases  positive 
identification  was  accomplished  by  matching 
the  macrofossil  to  modern  voucher  specimens 
at  the  Laboratory  of  Paleoenvironmental 
Studies  and  the  Herbarium,  University  of  Ari- 
zona. I  was  unable  to  identify  a  number  of 
macrofossils  from  each  midden.  Some  of 
these  are  distinctive  and  may  be  identified  in 
the  course  of  future  work. 

Separations  within  a  few  genera  require 
further  explanation.  Blue  spruce  {Picea  pun- 
gens)  and  Engelmann  spnice  (P.  engehnannii) 
can  be  separated  on  the  internal  anatomy  of 
the  needles.  Needles  from  each  midden  were 
immersed  in  water  for  about  1  week  to  soften. 
Thin  sections  were  prepared,  mounted  on 
slides,  and  viewed  through  a  compound  mi- 
croscope at  various  magnifications.  All 
spruce  needles  from  the  two  sequences  can 
be  relegated  to  either  blue  or  Engelmann 
spruce.  They  are  separated  from  other  co- 
niferous species  by  the  four-angled  or  square 
cross  sections  of  the  needles,  and  the  pres- 
ence and  position  of  the  resin  ducts  (Durrell 
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Table  7.  Plant  inacrofossils  and  their  relative  abundances  in  fossil  packrat  middens  from  Allen  Canyon  Cave,  San 
Juan  County,  Utah.  1  =  rare,  2  =  uncommon,  3  =  common,  4  =  very  common,  5  =  abundant,  ?  =  possible 
contaminant. 


-H 

8 

-H 

8S 

+i  -H 

o 

S 

8 

R 

g 

o 

CO 

o 

1 

CO    CO 

o  c 
o  c 

-H 

s 

-H 

X 

-H 
-r 

CO 

-H 
CO 

-H 

oc 

Species 

Common  name 

AC  7 

ACS 

AC  9 

AC  ] 

AC  2 

AC  6 

ACS 

AC  4 

Trees,  Shrubs  and  Succulents 

Abies  lasiocar}}(i 

subalpine  fir 

4 

1 

2 

Acer  glabrum 

Rocky  Mountain  maple 

2 

2 

1 

2 

1 

AmelancJiier  utahensis 

Utah  serviceberry 

1 

2 

1 

2 

2 

2 

2 

Arctostaplit/los  cf.  iwa-ursi 

kinnick-kinnick 

1 

2 

2 

2 

Cercocarpus  montanus 

alderleaf  mountain  mahogany 

1 

Cercocarptts  intricatus 

littleleaf  mountain  mahogany 

1 

2 

2 

2 

3 

Corntts  stolonifera 

red  osier  dogwood 

2 

2 

2 

2 

2 

1 

2 

Conjphantha  sp. 

coryphantha 

3 

Gtitierrezia  soroflirae 

snakeweed 

1 

Jituiperus  commm^is 

common  juniper 

4 

2 

3 

3 

2 

Jtinipenis  osteosperma 

Utah  juniper 

1? 

2 

3 

3 

2 

Juniperus  scopttlortim 

Rocky  Mountain  juniper 

2 

1 

2 

Optintia  pohjacantha 

Plains  prickly  pear 

1 

3 

3 

Pachystiiua  mijr.sinites 

boxleaf 

2 

2 

3 

2 

2 

2 

3 

Picea  engelmannii 

Englemann  spruce 

5 

2 

Picea  pungens 

blue  spruce 

2 

2 

Pintis  edtilis 

Colorado  pinyon 

5 

5 

4 

Piniis  flexilis 

limber  pine 

5 

4 

3 

4 

1? 

Pinus  pondewsa 

ponderosa  pine 

1 

2 

1 

5 

2 

2 

2 

Primus  sp. 

chokecherry 

1 

Pseudotsuga  menziesii 

Douglas  fir 

2 

.5 

5 

5 

4 

4 

4 

4 

Ptirshia  tridentata 

bitterbmsh 

1 

2 

Querctis  gambclii 

Gambel  oak 

1 

2 

1 

2 

1 

Rfius  radicans 

poison  ivy 

1 

1 

Rhus  Mlobata 

squawbush 

2 

2 

2 

Rosa  sp. 

rose 

1 

1 

Rosa  woodsii 

rose 

2 

2 

2 

Rosa  cf.  nutkana 

rose 

1 

Rubus  sp. 

blackberry 

3 

2 

2 

2 

2 

1 

Sambiicus  racemosa 

elderberry 

2 

2 

1 

Shepherdki  canadensis 

russet  buffaloberry 

3 

3 

3 

3 

Yucca  angustissima 

narrowleaf  vucca 

2 

1 

1 

Herbs  and  Mosses 

Amaranthus  sp. 

pigweed 

1 

1 

Antennaria  sp. 

pussytoes 

2 

Artemisia  frigida 

estafiata 

2 

Artemisia  ludoviciana 

Mexican  sage 

1 

2 

Aster  sp. 

aster 

1 

1 

1 

Centaurea  sp. 

starthistle 

3 

Cirsium  sp. 

thistle 

1 

Clematis  sp. 

virgin's  bower 

1 

Cryptantha  sp. 

catseye 

1 

2 

1 

Eriogonum  sp. 

wild  buckwheat 

1 

Equisetum  hijemale 

scouring  rush 

1 

cf.  Helenium 

sneezeweed 

1 

Helianthus  sp. 

sunflower 

1 

1 

HeterotJieca  sp. 

golden  aster 

2 

1 

1 

1 

2 

1 

1 

Hijpnum  cupressiforme 

moss 

1 

1 

1 

1 

Lithospennum  sp. 

stoneseed 

1 

1 

2 

Lupinus  sp. 

lupine 

2 
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Species 


Common  name 


o  o 

CO    CO 

o  o 


-H       -H 


AC  7    AC  8    AC  9    AC  1    AC  2    AC  6    AC  5    AC  4 


Physalis  sp. 
Poliigonitm  sp. 
Potentilla  sp. 
Ranunculus  sp. 
Sehiginella  sp. 
TJuiIictrum  fcndlcri 
Thuidiunt  (ihictinum 

Grasses 

Agropiiron  sp. 
Agropi/wn  cf.  sinithii 
Brachiaria  ahzonicuni 
Bromus  anonuihis 
Bouteloud  gracUis 
Dcsclunnpsia  caespitosa 
Festucci  ovinci 
Hihiria  jamcsii 
Koclerid  cristata 
Muhlenlwrgia  sp. 
Muhlenbergia  arsenei 
On/zopsis  hijmenoides 
Panicuni  sp. 
Poo  cf.  fcndlcriana 
Sitaniou-tvpe 
Stipu  ccmuita 
Trisctuni  spicatum 


groundcherry 

knotvveed 

cinquefoil 

buttercup 

selaginella 

meadowrue 


wheatgrass 

wheatgrass 

brachiaria 

nodding  brome 

blue  grama 

tufted  hairgrass 

sheep  fescue 

galleta 

crested  wheatgrass 

muhly 

muhly 

Indian  ricegrass 

panic  grass 

muttongrass 

squirreltai! 

needle  and  thread  grass 

spike  trisetum 


Number  of  taxa(N)  =  73 


1916).  The  two  species  were  further  distin- 
guished on  the  relative  size  and  position  of 
the  resin  ducts.  Blue  spruce  has  relatively 
small  resin  ducts  (less  than  one-fourth  the  size 
of  the  vascular  bundle)  touching  the  epi- 
dermis at  the  lateral  angles.  Engelmann 
spRice  has  large  resin  canals  (greater  than 
half  and  up  to  three-fourths  the  size  of  the 
vascular  bimdle)  touching  the  epidermis  at 
the  sides.  The  distinction  is  important  in 
comparing  Fishmouth  Cave  (blue  spruce 
only)  with  Allen  Canyon  (both),  or  the  late 
Pleistocene  (Engelmann  spruce  only)  to  the 
early  Holocene  (both)  at  Allen  Canyon. 

Three  species  of  jimipers  {Juniperns  com- 
munis, J.  scopulorum,  and  /.  osteosperma)  are 
present  in  both  midden  sequences.  Common 
juniper,  a  circumpolar  species  that  occurs  in 
subalpine  forests  of  the  Abajo  and  La  Sal 
moimtains,  is  the  easiest  to  identify.  The  most 
common  macrofossils  are  the  broad,  needle- 
like leaves  or  scales,  often  twisted  so  that  the 


dorsal  surface  bears  a  white  band  of  stomata. 
Scalelike  leaves  of  Rocky  Mountain  juniper 
and  Utah  juniper  are  separated  on  the  pres- 
ence of  minute  teeth  along  the  scale  margins 
in  Utah  juniper  and  the  presence  of  an  ellip- 
tic resin  gland  on  the  dorsal  surface  of  Rocky 
Mountain  juniper  scales.  The  gland  in  Utah 
juniper  scales  is  deeply  embedded  in  the 
mesophyll  and  is  seldom  visible  on  the  sur- 
face (Vasek  1966).  Some  difficulty  may  arise 
in  distinguishing  Utah  juniper  from  its  close 
relative,  one-seed  jimiper  (/.  monosperma), 
which  also  has  denticulate  margins  on  the 
scales.  However,  the  resin  gland  is  often  vis- 
ible in  one-seed  juniper  scales. 

Fir  (Abies)  is  represented  in  the  Allen  Can- 
yon sequence  by  alpine  fir.  Alpine  fir  can  be 
distinguished  from  white  fir  on  the  basis  of 
external  morphology  of  the  needles.  Alpine 
fir  has  relatively  short  needles  (less  than  3 
cm)  with  a  retuse  or  notched  tip,  and  white 
fir  has  longer  needles  (greater  than  3  cm) 
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with  rounded  to  acute  tips.  Although  it  was 
not  necessary  to  cross-section  the  needles,  the 
position  of  the  resin  ducts  may  be  the  most 
reliable  way  to  tell  the  two  species  apart.  In 
white  fir,  the  resin  ducts  are  external  (located 
contiguous  to  the  epidermis),  but  in  alpine  fir 
they  occur  in  the  area  of  the  mesophyll  away 
from  tlie  epidermis  (Durrell  1916). 

The  needles  of  ponderosa  and  limber  pine 
were  identified  on  the  basis  of  external  mor- 
phology. The  strong  serrations  on  needles 
originating  from  fascicles  of  three  are  diag- 
nostic of  ponderosa  pine.  AC  1,  AC  9  and  AC 
2  produced  strongly  serrated  needles  from 
fascicles  of  two  that  could  be  referrable  to 
lodgepole  {P.  contorta)  or  ponderosa  pine  on 
the  basis  of  external  morphology  (W.  B. 
Critchfield,  pers.  comm.).  However,  in  all 
three  samples  these  specimens  are  clearly 
outnumbered  by  needles  from  fascicles  of 
three.  The  Rocky  Mountain  race  of  pon- 
derosa pine  (P.  ponderosa  var.  scopidorum) 
occasionally  produces  fascicles  of  two, 
whereas  fascicles  of  three  in  lodgepole  pine 
are  known  only  at  its  northernmost  stations 
in  the  Yukon  (Critchfield  1980).  We  thus  re- 


fer all   the  strongly  serrated  needles  in  the 
middens  to  ponderosa  pine. 

Needles  lacking  strong  serrations  on  the 
margins  and  originating  from  fascicles  of  five 
are  identified  as  limber  pine.  They  are  distin- 
guished from  the  bristlecone  pines  (P.  lon- 
gaeva  and  P.  aristata)  by  having  both  dorsal 
and  ventral  stomata  (bristlecone  pine  needles 
lack  dorsal  stomata)  and  needle  length  (less 
than  4  cm  for  bristlecone  and  from  4  to  10 
cm  for  limber  pine)  (Harlow  1931).  There  is 
greater  difficulty  in  separating  needles  of 
limber  pine  from  its  close  relative,  south- 
western white  pine  (P.  strohifonnis).  South- 
western white  pine  has  discernible  serrations 
(but  weak,  compared  to  ponderosa  pine)  and 
dorsal  stomata  limited  to  one  or  a  few  partial 
rows.  Limber  pine  lacks  serrations,  or  they 
are  minute  and  sparse,  and  two  or  more  rows 
of  stomata  are  present  on  the  dorsal  surface 
of  the  needles  (Steinhoff  and  Andersen  1971). 
A  few  of  the  needles  in  the  Allen  Canyon 
series  resemble  Southwestern  white  pine,  yet 
the  nearest  stands  are  in  the  Sangre  de  Cristo 
Mountains  of  northern  New  Mexico  and  the 
White  Mountains  of  east  central  Arizona.  All 


Table  8.  Comparisons  of  number  of  taxa  (N)  to  plant  matrix  (w-p)  in  fossil  packrat  middens  from  Fishmouth  Cave 
(FC)  and  Allen  Canyon  Cave  (AC),  southeastern  Utah. 


Midden 


Age 


w-p  (g) 


FCl 

FC2 

FC5 
FC4 
FC7 
FC6 
FC9 

AC  7 
ACS 
AC  9 
AC  1 

AC  2 
AC  6 
ACS 
AC  4 


12,770  ± 

140 

10,360  ± 

80 

9,380  ± 

290 

9,700  ± 

110 

6,100  ± 

100 

3,740  ± 

70 

3,550  ± 

60 

2,260  ± 

90 

11,130  ± 

200 

10,140  ± 

190 

10,070  ± 

70 

10,030  ± 

200 

10,030  ±  330 

9,600  ± 

140 

7,200  ± 

0 

3,400  ± 

60 

3,000  ± 

70 

1,820  ± 

50 

20 

86.9 

0.23 

13 

114.7 

0.11 

24 

112.7 

0.21 

20 

69.2 

0.29 

16 

143.9 

0.11 

20 

150.2 

0.13 

32 

62.3 

0.51 

26 

121.0 

0.21 

22 

99.6 

0.22 

23 

72.8 

0..32 

16 

94.1 

U.17 

30 

59.5 

0..50 

27 

43.8 

0.62 

33 

70.9 

0.47 

25 

66.3 

0.38 
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the  needles  from  the  Fishmouth  Cave  and  Al- 
len Canyon  series  are  assigned  here  to  limber 
pine,  which  occurs  today  in  the  Abajo 
Mountains. 

Fishmouth  Cave  Sequence 

The  sequence  for  Fishmouth  Cave  (Fig.  5) 
spans  vegetation  changes  from  assemblages 
dominated  by  limber  pine  and  Douglas  fir 
(latest  Pleistocene)  to  modern  ones  domi- 
nated by  Utah  jimiper  (see  Table  9).  FC  1, 
dated  at  12,770  B.P.,  is  the  single  Pleistocene 
midden  from  this  locality.  Trees  and  shrubs 
abundantly  represented  from  this  sample  in- 
clude Pinus  flexilis,  Psetidotsuga  menziesii, 
Comiis  stolonifera,  Juniperus  communis,  J. 
scopulomm,  Cercocarpus  montanus,  and  Rosa 
woodsii.  None  of  these  are  at  the  site  today 
and  the  assemblage  does  not  occur  locally  at 
elevations  lower  than  2438  m,  representing  a 
minimimi  displacement  of  ca  850  m.  Three  of 
the  plants  with  relatively  stable  records  from 
latest  Pleistocene  to  the  present  are  Ephedra 
sp.,  Opuntia  poIyacantJia,  and  Yucca 
angusti^sima. 

Two  early  Holocene  middens  (FC  2  and 
FC  5)  from  Fishmouth  Cave  record  vegeta- 
tion changes  during  the  Pleistocene-Holo- 
cene  transition.  No  longer  at  the  site  are 
Picea  pungens,  Juniperus  communis,  and 
Rosa  woodsii.  The  older  sample  (FC  2)  re- 
sembles the  late  Pleistocene  midden  in  that  it 
contains  Pinus  flexilis,  Juniperus  scopulorum, 
and  Cercocarpus  montanus.  The  younger 
midden  (FC  5)  may  signal  the  initial  devel- 
opment of  modern  vegetation;  it  lacks  Pinus 
flexilis,  Juniperus  scopulorum,  and  Cerco- 
carpus montanus  and  is  in  turn  dominated  by 
Juniperus  osteosperma.  Dated  at  9700  B.P., 
FC  5  may  represent  the  first  arrival  of  /.  os- 
teosperma in  the  area  of  Fishmouth  Cave. 
Macrofossils  of  Quercus  gambelii  were  found 
only  in  the  two  early  Holocene  middens  and 
a  middle  Holocene  sample  (FC  4).  A  marked 
decrease  in  Pseudotsuga  menziesii  is  noted 
from  FC  1  to  FC  4  (Table  9).  Aside  from 
Quercus  gambelii  and  Juniperus  osteosperma, 
plants  that  first  appear  in  the  early  Holocene 
include  Amelanchier  utahensis,  Rhus  trilo- 
bata,  and  Cercocarpus  intricatus.  The  latter 
three  species  have  relatively  stable  records 
for  the  rest  of  the  Holocene. 


The  middle  and  late  Holocene  middens 
from  Fishmouth  Cave  approximate  the  mod- 
ern flora  with  a  few  notable  exceptions.  The 
middle  Holocene  sample  differs  from  the  late 
Holocene  in  that  it  contains  Pseudotsuga 
menziesii  and  Quercus  gambelii.  Single  nee- 
dles of  Pseudotsuga  in  FC  6  and  FC  7  are 
probable  contaminants  from  older  middens. 
Quercus  gambelii  occurs  today  as  a  riparian 
tree  in  the  ravine  in  front  of  the  shelter,  but 
beyond  the  probable  collecting  range  of 
packrats.  During  the  early  and  middle  Holo- 
cene, Gambel  oak  probably  grew  on  the  ex- 
posed slope  immediately  in  front  of  the 
shelter. 

The  two  oldest  late  Holocene  middens  (FC 
7  and  FC  6)  are  characterized  by  high  per- 
centages of  juniper  macrofossils,  at  least 
double  what  they  are  in  other  middens  from 
Fishmouth  Cave  (Table  9).  This  may  reflect  a 
local  increase  in  the  density  of  junipers.  The 
only  record  of  pinyon  {Pinus  edulis),  which  is 
not  at  the  site  today,  is  FC  7  (3740  B.P.).  This 
record  may  reflect  limited  expansion  of  pin- 
yon south  along  Comb  Ridge,  at  a  time  when 
the  density  of  junipers  is  also  increasing  in 
the  immediate  vicinity  of  Fishmouth  Cave. 

The  youngest  sample  from  Fishmouth 
Cave  (FC  9;  2260  B.P.)  is  peculiar  for  a  num- 
ber of  reasons.  The  greatest  number  of  taxa 
from  Fishmouth  Cave  is  recorded  in  this  mid- 
den (N  =  32).  One  of  the  dominants,  Cow- 
ania  mexicana,  appears  in  no  other  sample. 
FC  9  also  contains  the  only  records  of  Shep- 
herdia  rotundifolia  and  Purshia  tridentata. 
The  weight  percentages  for  Juniperus  os- 
teosperma and  Opuntia  polyacantha  closely 
resemble  those  for  FC  5  (9700  B.P.). 

Allen  Canyon  Cave  Sequence 

The  rich  macrofossil  record  from  Allen 
Canyon  Cave  (Fig.  6)  spans  the  last  11,300 
years,  with  the  vegetation  at  the  site  ranging 
from  spruce-fir  forest  to  stands  dominated  by 
Pseudotsuga  menziesii,  Pinus  ponderosa,  and 
Pinus  edulis.  A  number  of  plants  appear 
throughout  the  entire  sequence.  These  in- 
clude Pseudotsuga  menziesii,  Pachystima 
myrsinites,  Amelanchier  utahensis,  and  Corn- 
us  stolonifera.  Two  mosses,  Hypnum  cu- 
pressiforme  and  Thuidium  abietinum,  occur 
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Fig.  3.  View  of  Fishmouth  Cave  from  ridge  to  the  southeast,  showing  plant  community  directly  in  front  of  shelter. 
The  larger  trees  and  shrubs  include  Utah  juniper  (Juniperus  osteosperma),  single-leaf  ash  (Fraxitius  anomala),  Utah 
serviceberry  (Amelanchier  iitahensis),  and  squawbush  {Rhus  trilobata). 


Fig.  5.  Seriated  chronosequence  of  select  plant  macrofossils  and  their  relative  abundances  in  fossil  packrat 
middens  from  Fishmouth  Cave,  San  Juan  County,  Utah.  Sample  points  are  joined  by  a  straight  line  not  to  imply  a 
continuous  stratigraphic  record,  but  to  accentuate  differences  between  samples.  Asterisks  indicate  probable 
contaminants.  Fishmouth  Cave,  San  Juan  County,  Utah.  37°25'45"  N,  109°39'  W,  elev.  1585  m  (5200  ft). 
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Fig.  4.  View  of  Allen  Canyon  Cave  from  the  unentrenched  valley  of  an  unnamed  tributary  of  Allen  Canyon.  The 
larger  trees  in  front  of  the  shelter  are  Douglas  fir  (Psetidotsuga  menziesii)  and  ponderosa  pine  (Pintts  ponderosa).  A 
grove  of  aspen  {Populus  tremtiloides)  occupies  the  foreground.  Scattered  ponderosa  pine  trees  occur  in  pinyon- 
juniper  woodland  on  the  ridge  top. 
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Fig.  6.  Seriated  chronosequence  of  select  plant  macrofossils  and  their  relative  abundances  in  fossil  packrat 
middens  from  Allen  Canyon,  San  Juan  County,  Utah.  Sample  points  are  joined  by  a  straight  line  not  to  imply  a 
continuous  stratigraphic  record,  but  to  accentuate  differences  between  samples.  Asterisks  indicate  probable 
contaminants.  Allen  Canyon  Cave,  San  Juan  County,  Utah,  37°47'30"  \,  109°35'30"  W,  elev.  2195  m  (7200  ft). 
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sporadically  throughout  the  sequence,  start- 
ing with  the  oldest  sample.  Both  mosses, 
which  have  very  large  ecological  amplitudes 
(Haring  1961),  grow  directly  in  front  of  the 
shelter  today.  The  Allen  Canyon  sequence  is 
characterized  by  major  and  rapid  change  in 
the  overstory  and  remarkable  stability  in  the 
understory  of  the  cliffside  commimities. 

The  latest  Pleistocene  sample  (AC  7: 
11,310  B.P.)  is  dominated  by  Picea  engel- 
mannii,  Pimis  flexilis,  Abies  lasiocarpa,  and 
Juniperus  communis.  Pseudotsuga  menziesii  is 
a  relatively  imimportant  plant  in  this  assem- 
blage (Table  9).  This  sample  also  contains  a 
few  specimens  of  Bromus  onomolus,  Trisetum 
spicatiim,  and  Deschampsia  caespitosa,  which 
are  common  grasses  in  subalpine  to  alpine 
meadows.  The  assemblage  from  AC  7  sug- 
gests a  modern  analog  at  ca  2896  m  at  the 
lower  limits  of  Engelmann  spruce-alpine  fir 
forest. 


The  three  early  Holocene  middens  (AC  8, 
AC  9,  AC  1)  were  all  dated  at  ca  10,000  B.P. 
and  record  significant  changes  from  the  late 
Pleistocene.  Table  12  shows  an  enormous  re- 
duction in  the  weight  percentages  for  Picea 
spp.,  Abies  lasiocarpa,  and  Juniperus  commu- 
nis. Pinus  flexilis  also  decreases  by  a  factor  of 
three,  whereas  there  is  a  10-  to  40-fold  in- 
crease in  the  abundance  of  Pseudotsuga  men- 
ziesii. One  of  the  more  interesting  devel- 
opments is  the  replacement  of  Picea 
engelmannii  by  the  lower  elevation  P.  pun- 
gens,  indicating  an  upward  shift  in  vegetation 
zones.  Shepherdia  canadensis,  Acer  glabrum, 
and  Sainbucus  racemosa  retain  their  impor- 
tance from  the  late  Pleistocene.  Significant 
new  arrivals  include  Pinus  ponderosa, 
Quercus  gambelii,  and  Cercocarpus  intricatus. 
A  single  Juniperus  osteosperma  twig  in  AC  1 
may  be  a  contaminant  from  younger  material 
in   the   shelter.   With  a  few  exceptions,   the 


Table  9.  Weight  percentages  for  select  plant  taxa  in  fossil  packrat  middens  from  Fishmouth  Cave  (FC)  and  Allen 
Canyon  Cave  (AC),  San  Juan  County,  Utah.  Weight  percentages  obtained  by  dividing  the  total  weight  of 
macrofossils  from  one  species  by  the  total  weight  of  the  plant  matrix  in  the  midden  (see  Table  3),  and  then 
multiplying  by  10.  T  =  trace  fossils,  one  or  two  items  of  insufficient  weight,  possible  contaminants. 
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early  Holocene  assemblages  from  the  Allen 
Canyon  locality  resemble  the  late  Wisconsin 
midden  from  Fishmouth  Cave.  Differences 
include  the  presence  of  Ephedra  sp.,  Yucca 
angustissima,  and  Opiintia  poh/acantha  at 
the  lower  site,  and  the  richer  assemblage  of 
understory  shnibs  (Shepherdia  canadensis, 
Acer  glabrwn,  Pachystima  myrsinites,  and 
Rubus  sp.)  at  the  higher  site. 

The  single  middle  Holocene  sample  (AC  2) 
indicates  a  major  turnover  in  the  local  flora 
between  10,000  and  7200  B.P.  Judging  from 
the  chronology  at  Fishmouth  Cave,  this 
change  may  have  happened  between  9000 
and  10,000  B.P.  Plants  that  drop  out  of  the 
record  completely  include  Abies  lasiocarpa, 
Picea  spp.,  Pinus  flexilis  (see  comments  be- 
low), Shepherdia  canadensis,  and  Sambucus 
racemosa.  The  single  Pinus  flexilis  needle 
may  be  a  contaminant  from  an  early  Holo- 
cene midden  (AC  1)  just  a  few  meters  away 
on  the  floor  of  the  shelter.  New  arrivals  at 
Allen  Canyon  Cave  are  Juniperus  os- 
teospenna,  J.  scopulorum,  and  Rhus  trilobata. 
Surprisingly,  the  dominant  in  the  late  Holo- 
cene middens,  Pinus  eduUs,  is  absent  from 
AC  2.  Instead,  this  midden  contains  from  20 
to  40  times  as  much  P.  ponderosa  as  any  of 
the  early  and  late  Holocene  middens  (Table 
9). 

Three  middens  (AC  6,  3400  B.P.;  AC  5, 
300  B.P.;  and  AC  4,  1820  B.P.)  record  the 
modernization  of  the  local  flora.  Between 
7200  and  3400  B.P.,  Acer  ghbrwn  drops  out 
of  the  sequence.  It  occurs  today  alongside 
Popuhis  treinuloides  in  the  steep  drainage  just 
below  the  shelter.  Probably  within  the  last 
few  millennia,  this  drainage  eroded  upstream, 
leaving  the  shelter  perched  50  m  above 
moist,  riparian  habitats  where  Acer  glabrum 
thrives.  The  increased  vertical  distance  from 
the  mouth  of  the  shelter  to  the  steep  headcut 
may  explain  the  absence  of  Acer  glabrum  in 
the  latter  part  of  the  sequence.  Records  for 
Juniperus  communis,  J.  scopulorum,  and/,  os- 
teosperma  are  quite  variable  during  the  late 
Holocene.  All  three  occur  in  the  oldest  of  the 
three  middens  (AC  6).  Juniperus  communis  is 
missing  from  the  two  youngest  middens  (AC 
5  and  AC  4),  which  contain  both  /.  scopulo- 
rum and  /.  osteosperma.  The  most  recent 
sample  only  has  /.  osteosperma.  New  plants 
that  arrive  in  the  late  Holocene  include  Pinus 


edulis,  Opuntia  polyacantha.  Yucca  angustis- 
sima, and  Oryzopsis  hymenoides.  The  appear- 
ance of  these  plants  in  the  Allen  Canyon  se- 
quence may  signal  the  middle  Holocene 
expansion  of  xeric  woodlands  at  higher 
elevations. 

BlOGEOGRAPHIC  AND  PaLEOCLIMATIC 

Considerations 

A  relatively  high  number  of  endemic 
plants  (70)  has  been  reported  for  the  Colo- 
rado Plateaus  (Welsh  1978).  According  to  Re- 
veal (1979),  this  is  the  result  of  historical  sta- 
bility and  isolation  due  to  imposing 
physiographic  barriers  of  mountains  and  high 
plateaus.  Two  corridors  that  may  have  per- 
mitted plant  migration  are  the  relatively  low 
divide  between  the  San  Juan  and  Rio  Grande 
rivers  and  the  Dixie  Corridor  between  the 
Grand  Canyon  and  the  Utah  Plateaus.  Reveal 
(1979)  believes  that,  in  the  Great  Basin, 
Pleistocene  compression  of  low  vegetation 
zones  between  the  base  of  the  mountains  and 
pluvial  lakes  on  the  valley  floors  extirpated 
many  low-elevation  plants.  Holocene  retreat 
of  the  shorelines  exposed  large  areas  for  plant 
colonization,  particularly  by  halophytes.  Be- 
cause there  were  no  large  pluvial  lakes  on 
the  Colorado  Plateaus,  Reveal  (1979)  main- 
tains that  the  existing  vegetation  was  not  sig- 
nificantly pushed  out  of  the  area  during  the 
Pleistocene. 

There  are  several  problems  with  Reveal's 
interpretation  for  the  high  number  of  endem- 
ics on  the  Colorado  Plateaus.  I  have  already 
demonstrated  a  minimum  lowering  of 
700-850  m  for  subalpine  trees  along  the 
Abajo  Mountains-Comb  Ridge  gradient.  Late 
Pleistocene  records  of  Picea  pungens,  Pinus 
flexilis,  and  Juniperus  communis  down  to 
1585  m  suggest  that  both  the  pinyon-juniper 
woodland  and  the  modern  desert-scrub  zones 
were  displaced  far  to  the  south  and  west.  I 
seriously  doubt  that  either  zone  existed  up- 
stream of  the  confluence  (1040  m)  of  the  San 
Juan  and  Colorado  rivers.  The  high  number 
of  endemic  species  of  milkvetches  {Astra- 
galus sp.),  mostly  from  low  elevations,  gives 
the  appearance  that  the  majority  of  endemic 
plants  are  today  restricted  to  desert  sites  at 
lower  elevations.  However,  almost  half  of  the 
endemics  on  the  Colorado  Plateau  now  occur 
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above  1980  m.  The  decrease  in  area  with  ele- 
vation translates  into  a  greater  density  of  en- 
demics at  higher  than  lower  elevations 
(Welsh  1978).  Pleistocene  lowering  of  mon- 
tane communities  probably  increased  the 
area  occupied  by  these  higher-elevation  en- 
demics. Elevations  above  2130  m,  mostly 
clad  in  spruce-fir  forest  and  alpine  tundra, 
would  have  served  as  effective  barriers  to  the 
migration  of  plants  now  occurring  at  inter- 
mediate elevations.  In  southeastern  Utah, 
many  of  today's  low-elevation  endemics 
probably  grew  alongside  subalpine  and  mon- 
tane conifers,  or  in  Artemisia  steppe,  during 
the  late  Wisconsin.  Postglacial  competition 
with  new  arrivals  better  adapted  to  xeric 
conditions  may  have  forced  endemics  either 
upslope  or  to  poorer  substrates  (e.g.,  Mancos 
Shale)  where  competition  is  less  intense. 

Similar  lowering  of  vegetation  zones  has 
been  docimiented  elsewhere  on  the  Colorado 
Plateaus.  At  Cowboy  Cave  (1770  m)  in 
nearby  Wayne  County,  cave  sediments  dated 
to  between  11,000  and  13,000  B.P.  yielded 
macrofossils  of  both  Picea  pungens  and  P. 
engelmannii  (Spaulding  and  Peterson  1980, 
species  determination  by  O.  K.  Davis).  Dur- 
ing the  full-glacial  period  (21,000-15,000 
B.P.)  in  the  eastern  Grand  Canyon,  several 
conifers,    including    Pseudotsuga    menziesii. 


Junipenis  conimtinis,  Abies  concolor,  Picea 
engelmannii,  and  Pinus  flexilis  expanded 
600-1000  m  below  their  modern  ranges  (Cole 
1982).  At  1700  m  in  Canyon  de  Chelly, 
northeastern  Arizona,  a  packrat  midden 
dated  at  11,900  B.P.  contains  Picea  pungens, 
Pinus  flexilis,  Juniperus  com^munis,  and  Pseu- 
dotsuga menziesii  (Betancourt  and  Davis 
1984).  Pinus  flexilis  no  longer  occurs  in  the 
nearby  Chuska  Mountains,  which  rise  just 
slightly  above  2740  m. 

Depression  of  these  montane  and  subalpine 
elements  resulted  from  relaxation  of  the  lim- 
iting factors  in  effect  at  their  lowest  eleva- 
tions, mainly  drought  and  possibly  com- 
petition. At  the  lower  limits  of  a  plant,  high 
temperatures  and  deficient  soil  moisture  pro- 
duce transpirational  stress  for  established  in- 
dividuals and  reduce  the  potential  for  germi- 
nation and  seedling  establishment.  Relaxation 
of  these  controls  can  be  accomplished  most 
readily  by  lowering  summer  temperatures 
and  increasing  precipitation  for  critical  times 
of  the  year.  Table  10  compares  modern  cli- 
mates at  Fishmouth  and  Allen  Canyon  caves 
with  climates  for  their  late  Wisconsin  analogs 
at  higher  elevations.  The  reconstructed  val- 
ues for  the  elevations  of  the  caves  (1585  and 
2195  m)  are  probably  reasonable  estimates. 
Because  the  regressions  (Fig.  1)  include  only 


Table  10.  Precipitation  and  temperature  predicted  from  elevations  of  Fishmouth  Cave,  Allen  Canyon  Cave,  and 
the  modern  elevational  analogs  for  late  Wisconsin  midden  assemblages  at  the  two  sites.  Linear  regression  equations 
used  to  calculate  these  values  are  presented  in  Figure  2.  The  elevational  analog  approach  ignores  possible  shifts  in 
the  seasonal  distribution  of  rainfall.  Such  shifts  may  in  effect  alter  environmental  lapse  rates.  Annual  means  are  for 
the  hydrological  year  (October-September)  with  winter  means  from  October  to  March  and  summer  from  April  to 
September. 
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stations  below  2080  m,  predicted  climates  for 
higher  elevations  should  be  taken  as  mini- 
mum estimates  based  on  unusually  low  verti- 
cal gradients.  Using  these  conservatively  low 
rates,  calculations  based  on  elevational  anal- 
ogs represent  roughly  35  to  60  percent  more 
rainfall  than  today.  For  comparison,  I  re- 
calculated the  precipitation-elevation  regres- 
sions to  include  data  from  Camp  Jackson 
(2804  m),  Buckboard  Flats  (2865  m),  and  La 
Sal  Moimtains  (2865  m).  Application  of  the 
steeper  gradients  suggests  a  50  to  120  per- 
cent increase  over  modern  rainfall.  The  dif- 
ference between  the  predictions  for  Allen 
Canyon  Cave  as  opposed  to  Fishmouth  Cave 
does  not  necessarily  imply  that  rainfall  in- 
creased more  at  lower  than  at  higher  eleva- 
tions. I  posit  that  the  lower  limits  of  Engel- 
mann  spRice-alpine  fir  were  in  Cottonwood 
Wash  down  to  1830  m  (a  60  percent  increase 
using  the  lower  rates). 

Seasonal  gradients  (and  thus  annual  rates) 
may  be  quite  different  today  than  during  the 
late  Wisconsin.  For  the  middle  Holocene, 
Davis  et  al.  (1980)  incurred  a  change  in  sea- 
sonal gradients  to  explain  unequal  dis- 
placement of  spruce  and  fir  in  the  White 
Mountains  of  New  Hampshire.  Most  recon- 
structions of  late  Pleistocene  climate  in  the 
western  United  States  call  for  increases  in 
winter  rainfall  (Van  Devender  and  Spaulding 
1979,  Spaulding  et  al.,  in  press).  Though  not 
yet  demonstrated  with  historical  data,  the 
steeper  gradients  in  precipitation  probably 
occur  in  winter  when  snowfall  is  dis- 
proportionately high  at  upper  elevations. 
Judging  from  the  absence  of  plants  that  re- 
spond primarily  to  summer  moisture,  late 
Wisconsin  summers  might  have  been  much 
drier  than  today.  Hence,  the  seasonal  break- 
down of  predicted  values  in  Table  10  should 
be  taken  as  a  first  approximation  that  consid- 
ers the  seasonal  relation  of  precipitation  with 
temperature  in  respect  to  effective  moisture 
at  the  various  elevations.  This  analog  ap- 
proach suggests  a  4  C  cooling  of  mean  annual 
temperatures  during  the  late  Wisconsin  at 
Fishmouth  Cave  and  a  lesser  3  C  lowering  for 
the  Allen  Canyon  locality.  The  more  signifi- 
cant differences  are  in  summer  temperatures 
(4-5  C)  as  opposed  to  winter  (1-2  C).  At 
Fishmouth  Cave,  the  presence  of  Opiintia 
polyacantha  and  Yucca  angustissima  in  the 


late  Wisconsin  assemblage  suggests  that  the 
winters  were  moderate.  Neither  occurs  today 
above  2740  m  in  the  Abajo  Mountains  or 
other  local  ranges.  Also,  neither  species  ap- 
pears in  the  Allen  Canyon  sequence  until 
3400  B.P.  If  we  can  assume  that  Opuntia 
polyacantha  and  Yucca  angustissima  are  rare 
where  mean  annual  temperature  dips  below 
6  C,  the  estimated  value  for  2740  m,  it  is  un- 
likely that  annual  temperatures  were  lowered 
by  much  more  than  5  C.  A  regional  cooling 
greater  than  this  (with  little  or  no  increase  in 
rainfall)  is  proposed  by  several  authors  to  ex- 
plain Wisconsin  depressions  of  1000  m  for 
orographic  snowline,  cryogenic  deposits,  and 
timberlines  (Brakenridge  1978,  Galloway 
1970). 

There  are  several  pitfalls  to  the  elevational 
analog  approach.  By  definition,  a  depression 
in  vegetation  zones  implies  both  increases  in 
precipitation  and  decreases  in  temperature. 
Theoretically,  observed  depressions  can  be 
explained  through  increases  in  effective  soil 
moisture  induced  by  (1)  increased  rainfall 
alone,  (2)  cooler  temperatures  alone,  or  (3) 
some  combination  of  the  two.  Planting  of 
spruce  in  suburban  landscapes  of  Denver, 
Colorado  and  Albuquerque,  New  Mexico 
(both  at  ca  1585  m  elevation),  gives  the  first 
tenet  some  credibility.  Brakenridge  (1978)  il- 
lustrates the  second  example  by  citing  a  lat- 
itudinal analog  for  junipers  found  in  packrat 
middens  from  the  Sonoran  and  Chihuahuan 
Deserts.  These  same  junipers  grow  at  similar 
elevations  along  the  Snake  River  Plain  of 
southern  Idaho,  where  precipitation  is  the 
same  or  less,  but  temperature  is  8  C  cooler 
than  the  fossil  sites  (see  objections  by  Wells 
1979).  The  third  possibility,  involving  both 
parameters,  is  the  most  difficult  to  model. 
Environmental  lapse  rates  combine  along 
elevational  gradients  to  produce  rates  of 
change  in  effective  moisture  and,  thus,  the 
advantage  of  elevational  analogs. 

The  estimates  derived  from  the  south- 
eastern Utah  data  differ  from  paleoclimatic 
reconstructions  derived  from  packrat  midden 
sequences  in  the  Great  Basin.  The  midden 
record  shows  that  Pinus  flexilis  and  P.  long- 
aeva  expanded  down  to  low  elevations 
(1525-2070  m)  throughout  the  Great  Basin. 
These  are  the  only  two  subalpine  conifers 
present   today   in   the   central   and   southern 
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Great  Basin.  Displacements  of  Picea  engel- 
mannii  and  Juniperus  communis  have  been 
documented  at  the  more  northerly  sites,  but 
records  of  Pseudotsuga  menziesii  and  Abies 
concolor  are  present  only  in  the  eastern  and 
southern  Great  Basin  (Thompson  and  Mead 
1982).  The  moisture  requirements  for  Piniis 
longaeva  and  P.  flexilis  are  considerably  less 
than  for  other  subalpine  and  montane  co- 
nifers. Expansion  of  P.  longaeva  and  P.  flexilis 
in  the  absence  of  other  mesophytic  conifers 
has  been  used  to  imply  cold  and  dry  condi- 
tions for  the  Great  Basin  (Thompson  and 
Mead  1982).  Conversely,  mesophytic  conifers 
such  as  Picea  spp.,  Abies  spp.,  and  Pseudo- 
tsuga inenziesii  were  able  to  expand  down  to 
low  elevations  on  tlie  Colorado  Plateaus.  The 
two  paleoclimatic  reconstructions  are  not 
necessarily  at  odds,  since  they  approximate 
the  present  east-to-west  gradient  in  increas- 
ing aridity. 

In  both  the  Great  Basin  and  the  Colorado 
Plateaus,  depressions  of  subalpine  conifers 
may  have  been  enhanced  by  a  lack  of  com- 
petition with  conifers  prevalent  today  in 
lower  montane  forests  and  xeric  woodlands. 
North  of  36°  N  latitude,  macrofossil  evidence 
for  Piniis  edidis,  P.  monophylla,  and  P.  pon- 
derosa  is  scanty  for  the  Pleistocene.  Pinus 
monophylla  occurred  at  ca  11,600  B.P.  (1850 
m)  in  the  Sheep  Range  of  southern  Nevada 
(36°30'N)  (Spaulding  1981).  Isolated  Pleisto- 
cene records  of  pinyon  occur  in  the  western 
Grand  Canyon:  the  unconsolidated  packrat 
layer  at  Rampart  Cave  (535  m);  a  packrat 
midden  dated  at  12,650  B.P.  from  635  m  ele- 
vation (Phillips  1977),  and  another  midden 
dated  at  16,580  B.P.  from  the  Cave  of  the 
Early  Morning  Light  at  1300  m  elevation 
(Van  Devender  and  Spaulding  1979).  Aside 
from  these  records,  pinyon  is  missing  from 
over  70  Pleistocene  middens  collected  be- 
tween 425  and  2050  m  throughout  the  Grand 
Canyon  (Van  Devender  and  Mead  1976,  Van 
Devender  et  al.  1977,  Phillips  1977,  Mead 
1981,  Mead  and  Philhps  1981,  Mead  1983, 
Cole  1982).  Cowboy  Cave  (1770  m)  has  also 
yielded  pinyon  macrofossils  of  possible 
Pleistocene  age,  though  the  chances  for  con- 
tamination from  rodent  burrowing  in  the 
cave  sediments  are  high.  Traces  of  P.  edidis 
were  identified  at  Cowboy  Cave  from  Unit 
lb  dated  to  between  13,000  and  11,000  B.P. 


(Spaulding  and  Peterson  1980).  Significantly, 
pinyon  was  not  found  in  the  overlying  Units 
II  and  III  dated  to  between  8700  and  6400 
B.P.  Aside  from  the  trace  amounts  in  Unit  I, 
pinyon  first  appears  in  sediments  associated 
with  a  date  of  3600  B.P.  (Hewitt  1980).  The 
Pleistocene  record  from  Cowboy  Cave  is 
equivocal  until  a  direct  date  on  pinyon  can 
be  obtained. 

The  only  Wisconsin-age  macrofossils  of 
Pinus  ponderosa  anywhere  in  the  Southwest 
are  from  the  Santa  Catalina  Mountains  of 
southern  Arizona  (Thompson  and  Van  De- 
vender  1982).  Pinus  ponderosa  and  P.  edulis 
arrive  at  Chaco  Canyon,  New  Mexico  (1920 
m),  between  9500  and  8300  B.P.  (Betancourt 
et  al.  1983).  Pinus  ponderosa  is  recorded  at 
the  Allen  Canyon  locality  as  early  as  10,140 
B.P.,  and  P.  edulis  occurs  only  in  samples 
younger  than  7200  B.P.  For  the  Colorado 
Plateaus,  the  present  distributions  of  both 
species  were  probably  achieved  during  the 
Holocene.  Pinus  edulis  probably  migrated 
into  the  Plateaus  from  Pleistocene  woodlands 
in  the  Chihuahuan  Desert  (Van  Devender  et 
al.,  in  press).  It  remains  unclear  whether  P. 
ponderosa  migrated  from  the  south  with  the 
onset  of  postglacial  conditions  or  simply  ex- 
panded from  small  populations  in  local 
mountain  ranges.  The  absence  of  P.  pon- 
derosa and  P.  edulis  in  the  Pleistocene  may 
have  facilitated  low  elevation  expansion  of 
other  montane  and  subalpine  conifers,  pri- 
marily through  competitive  release.  This  may 
ultimately  explain  the  disharmonious  associ- 
ation of  subalpine  conifers  with  xerophytic 
plants  common  today  in  ponderosa  pine  and 
pinyon-juniper  woodlands. 

Absence  of  P.  ponderosa  and  P.  edulis  from 
the  Plateaus  during  the  late  Wisconsin  is  cli- 
matically significant.  Pearson  (1950)  notes 
that  regeneration  of  P.  ponderosa  is  sporadic 
because  favorable  distribution  of  summer 
rainfall  must  be  combined  with  a  productive 
seed  year.  Its  reproductive  success  in  the 
Southwest  depends  largely  on  the  predict- 
ability of  abundant  summer  rainfall.  Once  es- 
tablished, the  seedlings  are  capable  of  with- 
standing drought,  with  soil  moisture  content 
near  or  even  below  wilting  point,  enabling 
them  to  survive  at  lower  altitudes  than  other 
associated  conifers  (Fowells  and  Kirk  1945). 
Pinus  edulis  and  Quercus  gambelii,  the  latter 
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a  frequent  associate  in  pinyon-juniper  wood- 
lands and  ponderosa  pine  forests,  presently 
terminate  their  northern  ranges  at  ca  41°  N 
latitude.  Neilson  and  Wullstein  (1983)  sug- 
gest that  the  northern  limits  of  both  species 
result  from  low  rates  of  reproduction  and 
seedling  s\irvival  due  to  the  greater  frequen- 
cy of  spring  freezes  and  summer  droughts 
with  increasing  latitude.  Macrofossils  of 
Quercus  gambelii  first  appear  in  the  Allen 
Canyon  and  Fishmouth  Cave  localities  dur- 
ing the  early  Holocene.  A  midden  of  similar 
age  from  Canyon  de  Chelly,  northeastern 
Arizona,  contains  no  oak  pollen  (Betancourt 
and  Davis  1984).  However,  both  macrofossils 
of  Q.  gambelii  and  oak  pollen  have  been 
identified  from  a  late  Wisconsin  dung  layer 
in  a  cave  (1340  m)  along  the  Waterpocket 
Fold,  about  100  km  west  of  Comb  Ridge  (O. 
K.  Davis,  pers.  comm.).  These  data  imply 
that  Q.  gambelii  may  have  been  restricted  to 
lower  elevations  at  the  northern  edge  of  its 
late  Wisconsin  range. 

Another  interesting  species  that  is  missing 
from  the  late  Wisconsin  at  Fishmouth  and 
Allen  Canyon  caves  is  Juniper  us  osteosperma. 
This  juniper  is  a  common  element  in  Pleisto- 
cene middens  from  2070  m  down  to  425  m  in 
the  Grand  Canyon  (Cole  1982,  Phillips  1977). 
Its  arrival  at  Fishmouth  Cave  ca  9700  B.P. 
probably  signals  its  Holocene  expansion 
north  and  east  of  the  Grand  Canyon.  A  sim- 
ilar expansion  of  its  close  relative  /.  mon- 
osperma  probably  occurred  north  and  west  of 
the  Chihuahuan  Desert  into  the  eastern  por- 
tion of  the  Colorado  Plateaus.  The  modern 
ranges  of  the  two  overlap  along  a  strip  from 
east  central  Arizona  into  western  Colorado. 
During  the  late  Wisconsin  both  the  northern 
and  eastern  limits  of  Juniperus  osteosperma 
were  probably  in  the  vicinity  of  the  Grand 
Canyon.  Juniperus  monosperma  probably  did 
not  range  far  north  of  34 °N  latitude  in  New 
Mexico  (Van  Devender  et  al.,  in  press).  Ex- 
pansion of  /.  osteosperma  might  have  been 
rapid,  with  midden  records  as  early  as  10,000 
B.P.  from  the  Pryor  Mountains  in  Montana 
(J.  I.  Mead,  pers.  comm.).  The  oldest  record 
of  /.  monosperma  from  Chaco  Canyon  is  8300 
B.P.  (Betancourt  et  al.  1983). 

For  the  Wisconsin,  range  contractions  to 
the  south  may  be  related  to  a  southerly 


displacement  of  the  polar  jet  stream  and 
Mitchell's  (1976)  "winter"  boundary.  Such  a 
displacement  has  been  proposed  by  a  number 
of  authors  from  paleovegetation  data  (Van 
Devender  and  Spaulding  1979),  general  cir- 
culation models  (Bryson  and  Wendland 
1967),  and  modern  plant  distributions  (Neil- 
son  and  Wullstein  1983).  In  southeastern 
Utah,  a  southerly  displacement  of  the  jet 
stream  and  midlatitude  storm  track  would  re- 
sult in  greater  winter  and  less  summer  pre- 
cipitation, cooler  summer  temperatures,  and 
a  higher  incidence  of  spring  freezes  than 
today.  If  the  reasoning  of  Bryson  and  Wend- 
land (1967)  is  to  be  followed,  large  decreases 
in  winter  temperatures  were  prevented  by 
the  presence  of  the  North  American  ice 
sheets.  They  argue  that  the  high  plateaus  of 
ice  blocked  incursions  of  cold,  low  level  Arc- 
tic air  from  entering  the  United  States.  Air 
flow  from  the  ice  caps  would  have  been 
mostly  katabatic,  producing  mild  winters 
over  the  North  American  continent. 

The  early  Holocene  on  the  Colorado 
Plateaus  appears  to  have  been  a  time  of  rapid 
changes  in  vegetation.  At  Fishmouth  Cave, 
two  major  shifts  in  the  flora  occurred  in 
quick  succession.  Between  12,770  and  10,000 
B.P.,  both  Picea  pungens  and  Juniperus  com- 
munis dropped  out  of  the  sequence,  with 
Pinus  flexilis  and  Juniperus  scopulorum  fol- 
lowing suit  soon  after  10,000  B.P.  New  arriv- 
als in  the  early  Holocene  of  Fishmouth  Cave 
included  Quercus  gambelii  and  Juniperus  os- 
teosperma.  At  Allen  Canyon  Cave,  again 
there  were  two  shifts  during  the  early  part  of 
the  sequence.  Picea  engelmannii  and  Abies 
lasiocarpa  retreated  to  higher  elevations  be- 
tween 11,300  and  10,000  B.P.,  leaving  Pinus 
flexilis  and  Pseudotsuga  menziesii  as  the  dom- 
inants. The  initial  change  toward  the  modern 
flora  at  the  site  occurred  between  10,000  and 
7200  B.P.  A  similar  change  happened  be- 
tween 9500  and  8300  B.P.  at  Chaco  Canyon, 
which  is  intermediate  in  elevation  (1920  m) 
between  the  two  sites.  At  all  three  sites, 
plants  associated  with  summer  precipitation 
and  relatively  high  annual  temperatures 
{Quercus  gambelii,  Pinus  ponderosa,  Pinus 
edulis,  Juniperus  monosperma,  J.  osteosperma, 
etc.)  began  arriving  at  ca  10,000  B.P.  Pinus 
edulis  is  not  recorded  at  either  Fishmouth  or 
Allen  Canyon  caves  until  the  late  Holocene, 
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but  this  may  result  from  location  of  the  sites 
at  the  lower  and  upper  ends  of  modern  pin- 
yon-juniper  woodland. 

The  timing  of  these  rapid  vegetation 
changes  during  the  early  Holocene  in  south- 
em  Utah  is  very  similar  to  the  Swan  Lake 
pollen  and  macrofossil  records  on  the  Idaho- 
Utah  border  (Bright  1966).  Both  records  are 
interpreted  as  representing  a  progressive  de- 
crease in  effective  moisture,  either  due  to 
warmer  temperatures  and/or  reduced  rain- 
fall, for  the  latest  Pleistocene.  However,  ef- 
fective moisture  during  the  early  Holocene  is 
interpreted  as  being  higher  than  today.  Dur- 
ing the  latter  part  of  the  period  there  appears 
to  have  been  a  change  in  the  seasonal  distri- 
bution of  rainfall,  signalling  the  onset  of 
monsoonal  conditions  for  the  Colorado 
Plateaus.  The  use  of  elevational  analogs  may 
not  apply,  since  a  major  reorganization  of 
vegetation  zones  occurred  during  this  period. 
These  results  are  interesting  in  light  of  the 
general  circulation  model  recently  proposed 
for  9000  B.P.  (Kutzbach  1981,  Kutzbach  and 
Otto-Bliesner  1982),  and  location  of  the 
southeastern  Utah  sites  along  the  present 
monsoonal  boundary.  The  model  uses  in- 
creases in  solar  radiation  for  June- 
July-August  in  9000  B.P.  to  power  land- 
ocean  temperature  contrasts  and  intensified 
monsoonal  circulation.  Paleoclimatic  data 
from  Africa  and  Asia  closely  agree  with  the 
model's  prediction  for  intensified  summer 
monsoons  during  the  early  Holocene,  but  the 
model  has  not  been  applied  to  North  Ameri- 
ca because  of  difficulties  in  assessing  the  role 
played  by  the  ice  sheets. 

There  is  general  agreement  that  global 
temperatures  were  warmer  during  the  middle 
Holocene  (ca  8000-4000  B.P.)  than  today.  In 
the  western  U.S.,  a  great  deal  of  controversy 
has  revolved  around  whether  this  period  was 
drier  or  wetter  than  now.  The  argument 
seems  to  be  over  the  relative  amounts  of  sum- 
mer precipitation.  The  concept  of  a  hot-dry 
"Altithermal"  (7500-4000  B.P.)  was  formu- 
lated by  Antevs  (1955)  from  work  in  the 
northern  Great  Basin,  which  is  beyond  mon- 
soonal influences.  Widespread  application  of 
the  Altithermal  concept  across  the  western 
U.S.,  regardless  of  regional  variability  in  cli- 
mate, has  been  called  into  question.  Martin 
(1963)  first  argued  that  warmer  conditions 


might  enhance  the  effectiveness  of  the  sum- 
mer monsoons  south  and  east  of  the  Great 
Basin.  Although  considerable  data  have  since 
been  applied  to  this  issue,  the  controversy  re- 
mains unresolved. 

Warmer  temperatures  for  the  middle 
Holocene  have  been  suggested  from  modern 
distributions  of  relic  hybrids  between 
Quercus  gamhelii  and  Q.  turbinella  (Cottam 
et  al.  1959).  The  deciduous  Q.  gamhelii  is 
better  adapted  to  cold  winter  temperatures 
than  the  evergreen  Q.  turbinella.  Leaves  of 
the  hybrid  remain  until  late  fall,  long  after  Q. 
gamhelii  has  dropped  its  leaves.  I  agree  with 
Cottam  et  al.  (1959)  that  neither  oak  could 
have  persisted  in  north  central  Utah  during 
the  Wisconsin  glaciation.  Both  species  prob- 
ably expanded  into  this  area  during  the 
middle  and  late  Holocene,  with  the  hybrid 
isolated  from  Q.  turbinella  with  decreasing 
temperatures  during  the  Neoglacial.  A  sim- 
ilar expansion  and  contraction  in  the  range  of 
Pinus  edulis  and  P.  monophylla  may  account 
for  ecotonal  hybrids  north  and  west  of  the 
present  range  of  P.  edulis  (Lanner  1974). 

In  general,  the  records  from  both  Allen 
Canyon  and  Fishmouth  Cave  indicate  greater 
effective  moisture  during  the  middle  and 
early  part  of  the  late  Holocene  (before  3000 
B.P.).  At  Fishmouth  Cave,  the  extralocal  and 
mesophytic  Pseudotsuga  menziesii  occurs  in  a 
sample  dated  at  6100  B.P.,  but  I  cannot  as- 
certain that  it  is  not  a  contaminant  from  old- 
er deposits.  Around  3700-3500  B.P.,  pinyon- 
juniper  woodlands  might  have  expanded  into 
lower  elevations  along  Comb  Ridge,  as  in- 
dicated by  high  macrofossil  percentages  for 
Juniperus  osteosperma  and  macrofossils  of  the 
extralocal  Pinus  edulis.  At  Allen  Canyon 
Cave,  the  pattern  is  similar.  Pinus  ponderosa 
achieved  by  far  its  highest  macrofossil  per- 
centages in  a  midden  dated  at  7200  B.P.  A 
sample  dated  at  3400  B.P.  contains  the 
youngest  macrofossils  of  the  extralocal  /. 
communis.  Juniperus  scoptdorum  appears  in 
all  middle  and  late  Holocene  middens  except 
the  youngest  at  1820  B.P.,  which  only  con- 
tains the  more  xerophytic  /.  osteosperma.  The 
arrival  of  Pinus  edulis,  Opuntia  polyacantha 
and  Yucca  angustissirna  in  the  late  Holocene 
may  also  denote  a  greater  aridity  for  the  site 
than  during  the  middle  Holocene.  At  both 
sites,  the  youngest  middens  (1800-2200  B.P.) 
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best  approximate  the  modern  floras.  The 
midden  record  from  southeastern  Utah  sug- 
gests that  the  modern  elevational  range  of  lo- 
cal plants  was  not  achieved  until  very 
recently. 

Summary 

Packrat  midden  sequences  from  two  caves 
record  vegetation  changes  from  the  late  Wis- 
consin through  late  Holocene  in  the  central 
portion  of  the  Colorado  Plateaus.  The  two 
sites  are  separated  vertically  by  610  m  in  ele- 
vation along  a  more  or  less  continuous 
gradient  of  Navajo  Sandstone  from  Comb 
Ridge  into  the  Allen  Canyon  country  of  the 
Abajo  Mountains.  Fishmouth  Cave  (1585  m) 
is  located  in  Utah-juniper  grassland  just  be- 
low and  south  of  pinyon-juniper  woodland. 
Allen  Canyon  Cave  (2195  m)  occupies  an 
area  intermediate  between  mesa  top  pinyon- 
juniper  woodland  and  cliffside  stands  of 
Douglas  fir,  ponderosa  pine,  and  aspen.  The 
midden  sequences  trace  the  development  of 
modem  plant  zonation  from  the  much-dis- 
placed vegetation  of  the  late  Wisconsin.  Lo- 
cal environmental  lapse  rates  are  used  to  cal- 
culate the  differences  between  late 
Wisconsin  and  modem  climates.  The  similar 
intervals  encompassed  at  each  site  allow  si- 
multaneous views  of  vegetation  change  at 
low  and  intermediate  elevations.  Comparison 
with  other  midden  sites  from  the  Colorado 
Plateaus  and  adjacent  areas  yields  a  rough 
sketch  of  past  biogeography.  The  distribu- 
tions of  several  important  plants  are  related 
to  changes  in  the  position  of  air  mass  bound- 
aries over  northern  and  southern  Utah. 

The  latest  Pleistocene  record  calls  for 
minimum  elevational  depressions  of  700-850 
m  for  STibalpine  and  upper  montane  plants. 
At  Allen  Canyon  Cave,  spruce-fir  forest  dom- 
inated by  Abies  lasiocarpa,  Picea  engel- 
mannii,  Piniis  flexilis,  and  Juniperus  commu- 
nis was  depressed  from  its  lower  limits  today 
at  ca  2896  to  2195  m.  Picea  pungens,  Pinus 
flexilis,  and  Juniperus  communis  occur  in  the 
late  Wisconsin  midden  from  Fishmouth 
Cave,  suggesting  an  elevational  analog  above 
2438  m.  The  analog  approach  predicts  a 
3-4  C  cooling  from  present  mean  annual 
temperatures.  Records  of  Opuntia  poly- 
acantha  and  Yucca  angustissima  at  Fish- 


mouth Cave  argue  against  late  Wisconsin 
cooling  exceeding  5  C.  Mean  annual  precipi- 
tation is  estimated  at  from  35  to  60%  greater 
than  today.  Potential  error  in  the  use  of 
elevational  analogs  for  quantitative  climatic 
estimates  is  recognized.  The  analog  approach 
dictates  both  increases  in  precipitation  and 
decreases  in  temperature  to  produce  greater 
effective  moisture.  Concentration  of  climatic 
stations  at  lower  elevations,  for  instance, 
means  that  the  steeper  rates  of  temperature 
decrease  and  precipitation  increase  in  the  up- 
per mountain  belts  are  ignored.  The  mini- 
mum estimates  for  climatic  change  are  prob- 
ably reasonable  considering  that  depression 
of  subalpine  and  upper  montane  conifers  was 
probably  enhanced  by  the  absence  of  Pinus 
ponderosa  and  Pinus  edulis. 

The  early  Holocene  at  the  two  sites  ap- 
pears to  represent  a  major  reorganization  in 
local  plant  communities.  Beginning  ca  10,000 
B.P.,  several  plants  now  dominant  in  the  area 
began  to  arrive.  These  include  Pinus  pon- 
derosa, Quercus  gamhelii,  and  Juniperus  os- 
teosperma.  Pinus  edulis  was  a  rather  late  ar- 
rival (in  the  middle  Holocene),  but  this  may 
reflect  the  location  of  the  two  sites  at  its  up- 
per and  lower  limits.  In  nearby  Chaco  Can- 
yon, New  Mexico,  this  pygmy  conifer  arrived 
sometime  between  9500  and  8300  B.P.  Pin- 
yon  probably  arrived  in  the  middle  of  its 
elevational  range  between  10,000  and  8,000 
B.P.  and  failed  to  fully  expand  to  its  present 
elevational  range  until  the  middle  and  late 
Holocene.  A  case  is  made  for  the  early  Holo- 
cene climate  to  involve  a  northward  dis- 
placement of  the  polar  jet  stream  and  middle 
latitude  storm  track  following  its  southerly 
position  during  the  late  Wisconsin.  The  up- 
ward migration  of  subalpine  and  upper  mon- 
tane elements  coupled  with  the  arrival  of 
plants  formerly  displaced  to  the  south  is  in- 
terpreted to  mean  increased  summer  as  well 
as  mean  annual  temperatures,  a  decreasing 
frequency  of  spring  freezes,  and  a  shift  from 
winter  to  summer-dominant  rainfall.  The 
present  monsoonal  boundary  began  to  ap- 
proach its  present  position  between  10,000 
and  8000  B.P.  A  model  calling  for  increased 
summer  temperatures  and  intensified  summer 
monsoons  during  the  middle  Holocene  is  sug- 
gested by  the  midden  records.  Greater  effec- 
tive moisture  than  present  is  inferred  at  both 
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sites.  The  modem  vegetation  at  the  sites  is 
not  fully  in  place  until  ca  2000  B.P. 

Based  on  these  new  data  from  southeastern 
Utah,  I  envision  tlie  scope  of  future  midden 
studies  on  the  Colorado  Plateaus  to  be  as  fol- 
lows. A  network  of  midden  localities  should 
be  established  at  the  southern  end  of  the 
Plateaus  to  delineate  the  late  Wisconsin 
northern  limits  of  such  hallmark  plants  as 
ponderosa  pine,  pinyon  pine,  one-seed  juni- 
per, and  Gambel  oak.  Midden  sequences 
from  the  northern  part  of  the  Plateaus  in 
north  central  Utah  and  northern  Colorado 
can  be  used  to  determine  the  arrival  times  at 
the  northernmost  stations  for  these  species. 
Holocene  rates  of  migration  can  thus  be  ex- 
trapolated. It  is  also  possible  that  several  of 
these  plants  expanded  beyond  their  present 
northern  limits  as  a  consequence  of  a  warm- 
ing trend  during  the  middle  Holocene.  This  is 
directly  testable  with  development  of  new 
midden  sequences  at  critical  localities.  Data 
from  Fishmouth  and  Allen  Canyon  caves  also 
point  up  an  interesting  possibility  that  plants 
migrating  into  an  area  arrive  first  into  the 
middle  of  their  elevational  range.  A  lag  time 
of  several  millenia  may  separate  the  first  ar- 
rival of  a  species  and  expansion  into  its  full 
elevational  range. 

Quantitative  estimates  of  climatic  change 
are  a  desirable,  if  sometimes  untenable,  as- 
pect of  paleoecology.  Specifically,  strategies 
such  as  the  use  of  elevational  analogs  are 
fraught  with  the  inability  to  independently 
estimate  changes  in  temperature  or  precipi- 
tation. Many  of  the  arguments  based  on  shifts 
in  the  elevational  range  of  plants  can  be  re- 
duced to  fluctuations  in  effective  moisture. 
That  is,  greater  effective  moisture  results 
from  either  lowered  temperatures,  increased 
rainfall,  or  some  combination  of  both.  One 
approach  is  to  develop  ways  of  assessing  tem- 
perature changes  independent  from  rainfall. 
The  temperatiu'e  signal  from  ratios  of  stable 
isotopes  (180/10;  iK:/i2C;  D/H)  in  meteoric 
water  suggests  one  possibility  that  is  cur- 
rently being  tested.  In  general,  isotope  ratios 
in  meteoric  water  reflect  the  temperature  at 
the  site  of  precipitation  (the  lower  the  tem- 
perature the  smaller  the  isotopic  ratio).  Natu- 
ral systems  which  record  variations  in  these 
ratios  through  time  should  preserve  a  record 
of  past  temperature  fluctuations.  One  such 


system  is  represented  in  plants  (Epstein  et  al. 
1976).  Conversion  of  cellulose  from  plant 
macrofossils  to  water  and  measurement  of  its 
isotopic  composition  should  yield  an  assess- 
ment of  temperature  for  the  specific  fossil  lo- 
cality. Measurement  of  isotopic  ratios  from 
packrat  midden  macrofossils  is  already  under- 
way. Arnold  (1979)  demonstrates  that  the  ap- 
proach is  viable  for  oxygen  isotope  ratios  in 
juniper  from  Sonoran  Desert  middens.  A 
more  recent  experiment  with  a  lengthy  se- 
quence of  middens  from  the  Great  Basin 
show  an  even  greater  sensitivity  (Siegel 
1983).  In  the  near  future,  I  anticipate  that 
single-site  sequences,  such  as  are  described 
here  for  Fishmouth  and  Allen  Canyon  Caves, 
will  be  specifically  targeted  for  the  measure- 
ment of  stable  isotopic  ratios  and  reconstruc- 
tion of  paleotemperature  curves,  indepen- 
dent from  precipitation. 
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DIATOMS  IN  RECENT  BOTTOM  SEDIMENTS  AND  TROPHIC  STATUS 
OF  EIGHT  LAKES  AND  RESERVOIRS  IN  NORTHEASTERN  UTAH 

Judith  A.  Grimes',  Samuel  R.  Rushforth',  Jack  D.  Brotherson',  and  William  E.  Evenson- 

,\bstract.—  Recent  bottom  sediments  of  eight  lakes  and  reservoirs  in  northeastern  Utah  were  examined.  One  hun- 
dred and  sixty-four  diatom  taxa  were  identified  and  their  relative  abundances  determined.  Seven  stand  associations 
were  evident  by  cluster  analvsis  of  similarity  indices.  These  association  patterns  mirrored  trophic  status  of  the  wa- 
ters. Shannon-Wiener  species  diversity  values  were  also  determined.  The  diversities  fell  in  patterns  that  were  similar 
to  the  stand  associations  determined  by  cluster  analysis.  The  most  prevalent  diatom  taxa  encountered  in  this  study 
were  found  mostly  in  eutrophic  waters.  These  taxa  included  Stephanodisciis  astraea,  Stephanodisciis  astraca  var. 
minuttihi,  Asterionella  fonnosa,  and  Fraaihiria  crotonensis.  A  wide  variety  of  other  taxa  dominated  various  mesotro- 
phic  and  oligotrophic  sites. 


A  large  literature  on  paleodiatomological 
investigations  is  extant,  but  few  publications 
deal  with  diatoms  in  recent  sediments  (Kac- 
zmarska  1976).  Stockner  and  Benson  (1967) 
examined  diatom  succession  in  recent  sedi- 
ments of  Lake  Washington.  Stockner  (1971) 
developed  a  classification  scheme  for  deep 
water  lakes,  based  on  the  A/C  ratio  (A  = 
Araphidinae;  C  =  Centrales)  of  diatoms  in 
recent  bottom  sediments  and  plankton.  Nev- 
ertheless, he  commented  that  his  scheme  did 
not  adequately  characterize  the  current  tro- 
phic state  of  shallow  isothermal  lakes  or  man- 
made  reservoirs  (Stockner  1972).  Duthie  and 
Sreenivasa  (1972)  studied  the  horizontal  dis- 
tribution of  diatoms  in  recent  sediments  of 
Lake  Ontario  and  attempted  to  correlate  the 
results  with  chemical  and  other  environmen- 
tal factors.  They  also  examined  the  relation- 
ship between  the  sedimentary  diatom  flora 
and  the  planktonic  flora.  Bortleson  and  Lee 
(1975)  looked  for  evidence  of  cultural  eu- 
trophication  from  recent  sediment  layers  in 
lakes.  This  study  was  more  concerned  with 
pronoimced  changes  in  chemical  stratigraphy 
than  diatom  deposition  and  floristics. 

Biological  systems  are  most  sensitive  to  the 
effects  of  pollution  on  the  environment;  yet, 
until  recent  years,  biological  studies  have 
played  a  minor  role  in  water  quality  assess- 
ment. Diatoms  have  been  especially  neglect- 
ed in  these  studies.  Cairns  and  Dickson  (1971) 
have  listed  several  factors  contributing  to  this 


neglect.  In  the  last  10  years,  however,  dia- 
toms have  been  studied  more  thoroughly 
with  respect  to  water  quality  and  have  grad- 
uated to  a  position  of  importance. 

For  several  years  in  our  laboratory  we 
have  pursued  studies  of  the  use  of  diatoms  to 
assess  water  quality  and  trophic  status  of 
lakes,  reservoirs,  and  streams  throughout  the 
intermountain  west  of  North  America  (Mer- 
ritt  et  al.  1977a,  1977b).  Through  such  work, 
we  have  come  to  believe  that  diatom  assem- 
blages found  in  recent  bottom  sediments  of- 
fer an  attractive  and  important  index  of  lake 
and  reservoir  ecology.  The  objectives  of  the 
present  study  were:  (1)  to  determine  the  dia- 
tom species  present  in  recent  bottom  sedi- 
ments in  several  lakes  and  reservoirs  in  Utah, 
(2)  to  determine  if  diatoms  found  in  the  bot- 
tom sediments  reflect  the  trophic  status  of 
such  waters,  and  (3)  to  attempt  to  determine 
which  species  or  groups  of  species  are  in- 
dicators of  trophic  status  by  using  statistical 
analyses  to  correlate  with  known  chemical 
and  physical  parameters  associated  with  the 
lakes. 

Site  Descriptions 

Eight  lakes  and  reservoirs  were  selected 
for  study.  These  lakes  were  selected  for  anal- 
ysis as  part  of  Environmental  Protection 
Agency  Program  208  Areawide  Water  Qual- 
ity Studies.  Research  reports  of  these  studies 
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classified  these  lakes  as  oligotrophic,  me- 
sotrophic,  and  eutrophic  (Environmental  Pro- 
tection Agency  1976,  Merritt  et  al.  1977a, 
1977b).  The  trophic  status  of  each  lake  and 
reservoir  was  determined  by  assessing  all  en- 
vironmental data  available,  including  floris- 
tics,  standing  crop,  water  chemistry,  etc. 
Table  1  summarizes  lake  or  reservoir  mor- 
phometry. The  following  site  descriptions 
briefly  characterize  each  lake  or  reservoir 
studied  (Fig.  1).  More  detailed  descriptions 
can  be  found  in  Merritt  et  al.  (1977a,  1977b). 

Steinaker  Reservoir 

Steinaker  Reservoir  is  on  Steinaker  Draw, 
a  tributary  of  Ashley  Creek  approximately  6 
km  north  of  Vernal,  Uintah  County,  in  east- 
em  Utah.  It  has  been  classified  as  an  oligo- 
mesotrophic  system,  tending  more  toward 
mesotrophy.  The  reservoir  is  relatively  shal- 
low, with  a  mean  depth  of  14.2  m  and  is  fair- 
ly productive.  Seasonal  patterns  and  demand 
for  irrigation  water  produce  a  widely  fluc- 
tuating water  level.  The  shallow  depth  results 
in  a  fairly  large  littoral  zone.  Bottom  sedi- 
ments were  collected  from  two  sites  (Merritt 
et  al.  1977b). 

Starvation  Reservoir 

Starvation  Reservoir  is  in  northeastern 
Utah  in  Duchesne  County  on  the  Strawberry 
River,  which  is  a  tributary  of  the  Duchesne 
River.  Duchesne  township  is  approximately  5 


km  southwest  of  the  lake.  Merritt  et  al. 
(1977b)  classified  this  lake  as  a  mesotrophic 
system.  Their  data  suggest  that  the  reservoir 
is  maintaining  its  mesotrophic  condition. 
Starvation  Reservoir  fluctuates  widely  in 
depth  due  to  utilization  of  its  water  for  irri- 
gation. Samples  were  collected  from  two 
sites  (Merritt  et  al.  1977b). 

Moon  Lake 

Moon  Lake  is  situated  near  Mountain 
Home,  Duchesne  County,  Utah,  and  is  fed  by 
the  Lakefork  River.  This  lake  is  a  high-moun- 
tain oligotrophic  system.  The  lake  is  used  for 
irrigation  and  recreation.  Bottom  sediments 
were  collected  from  one  site  near  the  dam 
(Merritt  et  al.  1977b). 

Strawberry  Reservoir 

Strawberry  Reservoir  is  located  on  the 
Strawberry  River  in  Wasatch  County,  Utah. 
It  is  situated  in  a  valley  east  of  the  Wasatch 
Range  and  is  approximately  40  km  due  east 
of  Provo.  Next  to  Utah  Lake,  this  is  the  larg- 
est body  of  water  in  this  study.  This  reservoir 
has  always  been  a  highly  productive  system, 
which  is  reflected  in  its  classification  as  eu- 
trophic with  definite  anoxic  conditions  below 
6  m.  It  is  older  than  the  other  reservoirs  in 
our  study.  The  deeper  regions  of  the  lake  ex- 
ceed 18  m,  although  overall  it  is  fairly  shal- 
low, averaging  about  9  m.  Nineteen  samples 
were  collected  from  all  parts  of  the  lake 


Table  1.  Summary  of  morphometric  data  of  lakes  and  reservoirs  examined  during  this  study. 
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5 


w 


Surface  area  (km^) 

34.2 

11.3 

4.8 

3.3 

13.4 

5.9 

385.1 

3.1 

Volume  (xlO^m^) 

357.8 

193.9 

93.4 

47.1 

206.4 

91.2 

1108.0 

44.1 

Mean  depth  (m) 

10.5 

18.4 

19.4 

14.2 

15.4 

15.5 

2.9 

14.2 

Maximum  depth  (m) 

18.6 

41.8 

45.7 

42.1 

44.8 

33.5 

4.3 

20.1 

Spillway  elevation  (m) 

2303 

1651 

1843 

1677 

1683 

1694 

1368 

2470 

Mean  annual  precipitation  (cm) 

54 

54 

40 

20 

19 

36 

46 

43 

Drainage  area  (km^) 

440 

1450 

828 

54 

1554 

2745 

6876 

276 

"Mean  hvdraulic  retention 

time  (yrs) 

4.5 

0.6 

0.6 

2.0 

1.9 

0.4 

2.5 

0.4 

"Based  on  outflow. 
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Fig.  1.  Map  of  Utah  showing  the  location  of  the  lakes  and  reservoirs  in  the  study  area. 


(Mountainland  Association   of  Governments 
1977a,  1977b). 

Echo  Reservoir 

Echo  Reservoir  was  formed  on  the  Weber 
River  in  Summit  County,  Utah,  immediately 
north  of  the  town  of  Coalville.  This  reservoir 
is  presently  classified  as  eutrophic  by  Merritt 


et  al.  (1977a).  Recent  algal  productivity  fig- 
ures indicate  that  the  lake  is  mesotrophic 
even  though  other  parameters  indicate  eu- 
trophy  (Merritt  et  al.  1977a).  Similar  to  most 
of  the  lakes  considered  in  our  study.  Echo 
Reservoir  is  subject  to  a  heavy  drawdown  in 
dry  years  as  a  result  of  irrigation.  Six  sites 
were  selected  for  collections  (Mountainland 
Association  of  Governments  1977a,  1977b). 
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Rockport  Reservoir 

Rockport  Reservoir  was  formed  by  dam- 
ming the  Weber  River,  Summit  County, 
Utah,  approximately  15  km  upstream  (south- 
east) from  Echo  Reservoir.  The  town  of  Peoa 
is  about  8  km  south  of  the  lake,  and  Wanship 
is  about  3  km  north  of  the  dam.  This  reser- 
voir is  not  subjected  to  as  heavy  a  drawdown 
as  Echo  Reservoir,  although  it  is  also  used  for 
storage  of  irrigation  water.  There  is  also  a 
small  mimicipal  demand  for  this  water.  The 
reservoir  was  classified  as  mesotrophic  to  eu- 
trophic.  Five  collection  sites  were  established 
on  Rockport  Reservoir  (Mountainland  Associ- 
ation of  Governments  1977a,  1977b). 


Deer  Creek  Reservoir 

Deer  Creek  Reservoir  is  on  the  Provo  Riv- 
er approximately  7  km  southwest  of  the  town 
of  Heber  in  north  central  Utah  in  Wasatch 
County.  Not  only  is  it  a  major  water  storage 
site  for  irrigation,  but  it  also  supplies  culinary 
water  for  several  municipalities.  The  north 
part  of  the  lake  is  shallow  and  eutrophic,  and 
the  south  part  of  the  lake  is  deeper,  with  a 
lower  standing  crop,  and  meso-eutrophic  in 
nature  (Merritt  et  al.  1977a).  Ten  collection 
sites  were  established  (Mountainland  Associ- 
ation of  Governments  1977a,  1977b). 


Utah  Lake 

Utah  Lake  is  at  the  mouth  of  the  Provo 
River  in  an  intermountain  basin,  bounded  on 
the  west  by  Lake  Mountain  and  on  the  east 
by  the  Wasatch  Mountains  (Holland  1974).  It 
is  the  largest  freshwater  lake  in  Utah  and  is  a 
natural  reservoir.  With  increasing  popu- 
lation, it  has  become  a  site  for  dumping  in- 
dustrial, municipal,  and  agricultural  waste 
waters.  This  lake  has  been  classified  both  as  a 
highly  eutrophic  freshwater  lake  and  as  a 
moderately  saline  desert  or  prairie  lake.  Sam- 
ples of  recent  bottom  sediments  were  collect- 
ed by  following  the  transects  established  by 
Whiting  et  al.  (1978).  Eight  collection  sites 
were  established  (Mountainland  Association 
of  Governments  1977a,  1977b). 


Methods 

Field  and  Laboratory 

Samples  were  collected  from  recent  bot- 
tom sediments  using  an  Eckmann  dredge 
sampler.  Collections  were  made  between 
May  and  August  of  1975  except  for  two  sam- 
ples collected  in  February  1976.  Sediment 
samples  were  transferred  to  250  ml  plastic 
jars  and  returned  to  the  laboratory  for  pro- 
cessing. Permanent  diatom  slides  were  pre- 
pared following  standard  nitric  acid  oxidation 
methods  (St.  Clair  and  Rushforth  1977)  and 
were  mounted  in  Naphrax  diatom  mountant. 
Slides  were  examined  and  diatom  species 
identified  under  1000  X  with  Ziess  RA 
microscopes. 


Data  Analyses 

Quantitative  data  on  the  diatom  species 
were  recorded  by  counting  approximately 
400  diatoms  from  each  sample.  These  results 
were  converted  into  percent  relative  density 
values  for  all  species  for  each  site.  Shannon- 
Wiener  diversity  indices  were  calculated  for 
individual  samples  (Margalef  1958). 

Similarity  indices  were  computed  from  rel- 
ative density  data  for  each  stand  relative  to 
all  other  stands  (Ruzicka  1958).  Stand  cluster 
analyses  (Sneath  and  Sokal  1973)  from  sim- 
ilarity indices  were  performed  to  identify  if 
and  where  unique  communities  occurred 
within  and  between  each  individual  lake  and 
reservoir.  This  clustering  technique  computes 
the  average  similarity  of  each  stand  to  each 
other  stand  using  arithmetic  averages.  It  has 
been  found  to  introduce  less  distortion  than 
other  methods  (Kaesler  and  Cairns  1972). 
Lakes  were  also  clustered  to  identify  possible 
unique  lake  associations.  This  was  done  by 
averaging  percent  relative  density  for  each 
species  in  all  stands  of  each  lake  or  reservoir 
and  comparing  the  degree  of  similarity  be- 
tween any  two  waters.  Cluster  patterns 
among  our  reservoirs  and  lakes  with  known 
trophic  states  were  used  to  determine  if  the 
diatoms  in  the  recent  bottom  sediments  sig- 
nificantly differ  in  lakes  of  different  trophic 
states. 

The  most  important  diatoms  in  the  study 
as  a  whole  and  the  diatoms  most  important  in 
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stand  clusters  were  determined  using  an  im- 
portance index.  This  index  was  calculated  by 
multiplying  frequency  times  percent  relative 
density  (Warner  and  Harper  1972).  Distribu- 
tion of  important  diatoms  along  trophic  level 
gradients  was  evaluated  to  determine  broadly 
niched,  tolerant  species  and  restricted 
species. 

Results  and  Discussion 

One  hundred  and  sixty-four  diatom  taxa 
were  identified  and  their  occurrence  and  rel- 
ative density  in  53  samples  were  noted.  The 
most  abimdant  organisms  were  planktonic 
species  of  StepJianodiscus,  Fragilaria,  Melo- 
sira,  and  Asterionella.  Still,  over  90  percent 
of  all  species  were  nonplanktonic  diatoms. 
Table  2  contains  a  phylogenetic  list  of  all  dia- 
toms identified. 

Diatoms  were  ranked  by  importance  val- 
ues (Warner  and  Harper  1972)  for  all  stands 
as  well  as  for  each  lake  and  reservoir  (Table 
3).  The  most  prevalent  diatom  taxa  in  this 
study  were  Steplianodiscus  astraea,  Steph- 
anodiscus  astraea  var.  minuttda,  Asterionella 
formosa,  Fragilaria  crotonensis,  and  Stepli- 
anodiscus niagarae.  In  addition,  the  follow- 
ing diatoms  were  locally  important:  Ach- 
nanthes  minutissima  was  common  in  the 
mesotrophic,  saline-eutrophic,  and  oligotro- 
phic  systems,  and  Melosira  granulata  was 
common  in  the  mesotrophic  and  mildly  eu- 
trophic  samples.  Diatoma  vulgare  and  Cijm- 
bella  affinis  were  dominant  in  certain  local 
areas  of  Rockport  Reservoir  and  certain  sites 
in  Utah  Lake.  Epithemia  sorex  and  Cyclotella 
bodanica  were  common  in  Steinaker  Reser- 
voir but  were  otherwise  restricted  in  impor- 
tance. Utah  Lake  was  dominated  by  Stepli- 
anodiscus astraea  var.  miniitula  and  Melosira 
granulata  var.  angustissima,  and  contained 
significant  numbers  of  Cyclotella  men- 
eghiniana.  Nitzschia  palea  and  Navicula 
cryptocephala  var.  veneta  were  found  com- 
monly in  the  study  area  but  were  highest  in 
occurrence  in  Moon  Lake.  Achnanthes  lan- 
ceolata  var.  dubia,  Navicula  cryptocephala, 
Navicula  pupula,  and  Caloneis  bacillum  were 
also  common  only  in  Moon  Lake. 

The  results  of  our  lake  and  reservoir  clus- 
ter are  presented  in  a  dendrogram  (Fig.  2). 


Table  2.  Phylogenetic  list  of  diatom  taxa  found  in  re- 
cent bottom  sediments  of  the  selected  lakes  and  reser- 
voirs examined  during  this  study. 

COSCINODISCACEAE 

Cyclotella  bodanica  Eulenst. 

Cyclotella  ktitzin^iana  Thwaites 

Cyclotella  mencgfiiniana  Kutzing 

Cyclotella  ocellata  Pantocsek 

Melosira  granulata  (Ehr.)  Ralfs 

Melosira  granulata  var.  angustissima  Mueller 

Melosira  varians  Agardh 

Stephanodiscus  astraea  (Ehr.)  Grunow 

Steplianodiscus  astraea  var.  minutula  (Kutz.)  Grunow 

Stephanodiscus  niagarae  Ehrenberg 

Fragilariaceae 

Asterionella  formosa  Hassall 

Diatoma  anceps  (Ehr.)  Kirchner 

Diatoma  hiemale  var.  mesodon  (Ehr.)  Grunow 

Diatoma  tenue  var.  elongatum  Lyngbye 

Diatoma  vulgare  Bory 

Diatoma  vulgare  var.  grande  (W.Sm.)  Grunow 

Fragilaria  brevistriata  Grunow 

Fragilaria  brevistriata  var.  inflata  (Pant.)  Hustedt 

Fragilaria  capucina  var.  mesolepta  Rabenhorst 

Fragilaria  construens  (Ehr.)  Grunow 

Fragilaria  construens  var.  binodis  (Ehr.)  Grunow 

Fragilaria  construens  var.  venter  (Ehr.)  Grunow 

Fragilaria  crotonensis  Kitton 

Fragilaria  leptostauron  (Ehr.)  Hustedt 

Fragilaria  leptostauron  var.  dubia  (Grun.)  Hustedt 

Fragilaria  pinnata  var.  lanccttula  (Schum.)  Hustedt 

Fragilaria  vaucheriae  (Kutz.)  Petersen 

Hannaea  areas  (Ehr.)  Patrick 

Meridian  circulare  (Gr.)  Agardh 

Opephora  martyi  Heribaud 

Synedra  acus  Kutzing 

Synedra  amphicephala  Kutzing 

Synedra  capitata  Ehrenberg 

Synedra  cyclopum  Brutschy 

Synedra  cyclopum  var.  robustum  Schultz 

Synedra  delicatissima  W.  Smith 

Synedra  parasitica  var.  subconstricta  (Grun.)  Hustedt 

Synedra  rumpens  Kutzing 

Synedra  rumpens  var.  fragilariodes  Grunow 

Synedra  socia  Wallace 

Synedra  ulna  (Nitz.)  Ehrenberg 

Synedra  ulna  var.  contracta  Oestrup 

Tabellaria  flocculosa  (Roth)  Kutzing 

Eunotiaceae 

Eunotia  arcus  var.  bidens  Grunow 

Achnanthaceae 
Achnanthes  exigua  Grunow 
Achnanthes  hungarica  Grunow 
Achnanthes  lanceolata  (Breb.)  Grunow 
Achnanthes  lanceolata  var.  dubia  Grunow 
Achnanthes  linearis  (W.Sm.)  Grunow 
Achnanthes  minutissima  Kutzing 
Cocconeis  discuhis  Schumann 
Cocconeis  pediculus  Ehrenberg 
Cocconeis  placentula  Ehrenberg 
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Table  2  continued. 


Table  2  continued. 


Cocconeis  placentula  var.  eughjpta  (Ehr.)  Cleve 
Cocconeifs  placentula  var.  lineata  (Ehr.)  v.  Heurck 
Rhoicosphenia  ctirvata  (Kutz.)  Grunow 

Naviculaceae 

Caloneis  amphisbaena  (Borv)  Cleve 

Caloncis  hacillum  (Gnni.)  Cleve 

Caloneis  fenzlii  (Gnui.)  Patrick 

Caloneis  lewisii  Patrick 

Diploneis  ellipticci  (Kutz.)  Cleve 

Diploneis  smithii  (Breb.)  Cleve 

FrtisttiHa  vttlfiam  Thwaites 

Gi/rosignia  acuminatum  Kutzing 

Gyrosigma  macnim  (W.Sm.)  Griff,  and  Henfr. 

Navictila  anglica  Gnniow 

Navicula  arvcnsis  Hiistedt 

Navictila  hacillum  Ehrenberg 

Navicula  hicephala  Hustedt 

Navicula  capitata  Ehrenberg 

Navicula  capitata  var.  hungarica  (Grun.)  Ross 

Navicula  circumtexta  Meist.  ex  Hustedt 

Navicula  cnjptocephala  Kutzing 

''^avicula  cnjptocephala  var.  veneta  (Kutz.)  Rabenhorst 

.<Javicula  cuspidata  (Kutz.)  Kutzing 

Navicula  cxigua  var.  capitata  Patrick 

Navicula  graciloides  A.  Mayer 

Navicula  gysingensis  Foged 

Navictda  lanceolata  (Ag.)  Kutzing 

Navicula  laterostrata  Hustedt 

Navicula  minima  Grunow 

Navicula  ohlonga  (Kutz.)  Kutzing 

Navicula  pelliculosa  (Breb.  e.x  Kutz.)  Hilse 

Navicula  psetidoreinhardtii  Patrick 

Navicula  pupula  Kutzing 

Navicula  pupula  var.  rectangidaris  (Greg.)  Grunow 

Navicula  pijgmaea  Kutzing 

Navicula  radiosa  Kutzing 

Navicula  radiosa  var.  tenella  (Breb.  ex  Kutz.)  Grunow 

Navicula  reinhardtii  (Grun.)  Gmnow 

Navicula  rhijncocephala  Kutzing 

Navicula  salinarum  Gmnow 

Navicida  salinarum  var.  intermedia  (Gnui.)  Cleve 

Navicida  sccreta  Krasske 

Navicula  seminulum  Gnuiow 

Navicula  tripunctata  (O.  Muel.)  Bory 

Navicula  variostriata  Krasske 

Navicula  viridula  Kutz.  em  v.  Heurck 

Navicula  viridula  var.  avenacea  (Breb.  ex  Grun.) 

V.  Heurck 
Neidium  hinodc  (Ehr.)  Hustedt 
Neidium  diihium  (Ehr.)  Cleve 
Neidium  iridis  (Ehr.)  Cleve 
Pinnularia  biceps  Gregory 
Pinnularia  brebissonii  Kutzing 
Pinnularia  viridis  (Nitz.)  Ehrenberg 
Pinnularia  viridis  var.  minor  Cleve 
Pleurosigma  australe  Gnmow^ 
Pleurosigma  delicatulum  W.  Smith 
Stauroneis  anceps  Ehrenberg 
Stauroneis  anceps  var.  gracillis  Rabenhorst 
Stauroneis  anceps  var.  linearis  (Ehr.)  Cleve 
Stauroneis  phoenicenteron  Ehrenberg 
Stauroneis  smithii  var.  incisa  Pantocsek 


Cymbellaceae 
Amphora  ovalis  Kutzing 
Amphora  ovalis  var.  pedictdus  Kutzing 
Amphora  perpusilla  Grunow 
Amphora  veneta  Kutzing 
Cymbella  affinis  Kutzing 
Cymbella  cisttda  (Hemp.)  Grunow 
Cymbella  dclicatula  Kutzing 
Cymbella  gracilis  (Rabh.)  Cleve 
Cymbella  mexicana  (Ehr.)  Cleve 
Cymbella  microcephala  Grunow 
Cymbella  prostrata  (Berk.)  Cleve 
Cyndjella  sinuata  Gregory 
Cymbella  ventricosa  Kutzing 

Gomphonemaceae 
Gomphoneis  herculeana  (Ehr.)  Cleve 
Gomphonema  acuminatum  Ehrenberg 
Gomphonema  angustatum  (Kutz.)  Rabenhorst 
Gomphonema  constrictum  Ehrenberg 
Gomphonema  gracile  Ehrenberg 
Gomphonema  intricatum  Kutzing 
Gomphonema  intricatum  var.  pumila  Grunow 
Gomphonema  olivaceum  (Lyng.)  Kutzing 
Gomphonema  parvulum  Kutzing 

Epithemiaceae 

Denticula  elegans  Kutzing 

Epithemia  argus  Kutzing 

Epithemia  sorex  Kutzing 

Epithemia  turgida  (Ehr.)  Kutzing 

Epithemia  adnata  (Kutz.)  Brebisson 

Rhopalodia  gibba  (Ehr.)  O.  Mueller 

Rhopalodia  gibba  var.  ventricosa  (Kutz.)  Peragallo 

Rhopalodia  gihberula  (Ehr.)  O.  Mueller 

Nitzschiaceae 

Bacillaria  paradoxa  Gmelin 

Hantzschia  amphioxys  (Ehr.)  Grunow 

Nitzschia  amphibia  Grrmow 

Nitzschia  angustata  (W.Sm.)  Grunow 

Nitzschia  dissipata  (Kutz.)  Grunow 

Nitz.schia  fonticola  Grunow 

Nitzschia  frtistulum  Kutzing 

Nitz.schia  hungarica  Grunow 

Nitzschia  linearis  W.  Smith 

Nitzschia  palea  (Kutz.)  W.  Smith 

Nitzschia  punctata  (W.Sm.)  Grunow 

Nitzschia  sigmoidea  (Ehr.)  W.  Smith 

Nitzschia  tryblionella  var.  levidensis  Hantzsch 

Nitzschia  species 

Surirellaceae 

Cymatopleura  elliptica  (Breb.)  W.  Smith 

Cymatopleura  solea  (Breb.)  W.  Smith 

Surirella  angustata  Kutzing 

Surirella  ovalis  Brebisson 

Surirella  ovata  Kutzing 

Surirella  robusta  Ehrenberg 

Surirella  spiralis  Kutzing 
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Fig.  2.  Cluster  dendrogram  showing  similarities  between  stands  from  different  lakes  and  reservoirs. 


The  cluster  pattern  supported  previous  evi- 
dence for  the  general  trophic  status  of  each 
lake  and  reservoir  (Merritt  et  al.  1977a, 
1977b).  The  eutrophic  Strawberry  and  Deer 
Creek  reservoirs  clustered  fairly  tightly,  with 
58%  similarity.  Rockport  Reservoir,  a  meso- 
eutrophic  system,  clustered  with  these  two 
but  at  a  lower  level  of  similarity  (38%).  The 
mesotrophic  Steinaker,  Starvation,  and  Echo 
reservoirs  clustered  together  fairly  loosely  at 
about  36%  similarity.  These  reservoirs  are  at 
various  levels  of  mesotrophy  and  each  has  a 
potential  for  rapid  eutrophy.  Utah  Lake  is  a 
large,  slightly  saline  eutrophic  lake  with  little 
similarity  to  the  other  waters  studied.  The 
same  is  true  for  the  oligotrophic  Moon  Lake. 
The  results  of  clustering  our  53  stands  are 
presented  in  Figure  3.  Four  major  clusters 
and  seven  subgroups  are  evident  in  this  den- 
drogram. The  cluster  pattern,  based  on  spe- 
cies occurring  in  each  stand,  yielded  groups 
representative  of  various  degrees  of  eu- 
trophication.  In  addition,  species  diversity  of 
diatom  populations,  as  measured  by  the 
Shannon-Wiener  index,  correlated  with  the 
trophic  status  of  the  collection  sites  (Fig.  4). 
The  majority  of  our  stands  reflect  the  current 


view  that  oligotrophic  or  somewhat  mesotro- 
phic waters  tend  to  support  highly  diverse 
floras,  and  more  eutrophic  waters  support 
less  diverse  floras.  For  example,  some  sam- 
ples from  highly  eutrophic  sites  with  a  very 
low  species  diversity  contained  only  a  few 
tolerant  species.  These  samples  tended  to  be 
highly  similar  and  cluster  tightly  (Fig.  3). 
Certain  stands  in  Strawberry  Reservoir  con- 
sisted of  only  four  to  six  species  with 
Shannon-Wiener  diversity  values  of  only  0.37 
to  0.93  (Fig.  4).  Such  stands  were  as  much  as 
89%  similar.  Other  stands  in  the  study  area 
showed  the  opposite  extreme.  They  had  high 
species  diversity,  with  as  many  as  60  species 
per  stand.  This  produced  Shannon-Wiener 
values  above  3.0.  Such  stands  occurred  in  oli- 
gotrophic sites.  It  is  interesting  that  these  oli- 
gotrophic stands  showed  much  less  similarity 
to  one  another  (less  than  28%)  than  the  eu- 
trophic stands. 

Subgroup  I  (Fig.  3)  is  composed  of  stands 
from  eutrophic  sites.  It  is  composed  mostly  of 
stands  from  Strawberry  Reservoir,  together 
with  two  Deer  Creek  Reservoir  and  three 
Rockport  Reservoir  stands.  Stephanodiscus 
astraea  dominated  all  sites.  Over  85%  of  the 
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population  of  half  of  these  sites  resulted  from 
this  species  alone,  with  its  average  abundance 
being  82.3%  (Table  4).  Asterionella  fonnosa, 
Hantzschia  aniphioxys,  Melosira  graniilata, 
and  Cocconeis  placentula  var.  lineata  were 
common,  each  in  a  separate  sample  of  this 
subgroup.  Tightness  of  clusters  and  low  spe- 
cies diversity  set  these  17  samples  apart  from 
the  rest  of  the  stands  in  the  study.  Environ- 
mental data  show  that  these  stands  are  the 
most  eutrophic  in  the  study. 

Subgroup  II  (Fig.  3)  is  a  discrete  group  of 
Deer  Creek  Reservoir  samples.  These  sites 
are  characterized  by  the  dominance  of  Steph- 
anodisciis  astraea  and  Asterionella  fonnosa. 


Stephanodiscus  niagarae  was  also  common  in 
all  sites  except  one  where  it  was  replaced  by 
Fragilaria  crotonensis.  This  group  of  Deer 
Creek  samples  represents  sites  from  the 
southern  part  of  the  lake.  Merritt  et  al. 
(1977a)  divided  Deer  Creek  into  two  envi- 
ronmental types,  the  northern  half  being  eu- 
trophic and  the  southern  meso-eutrophic. 
The  two  samples  from  Deer  Creek  that  clus- 
tered in  subgroup  I  are  from  the  northern 
half  of  the  reservoir  and  follow  the  desig- 
nated eutrophic  state.  The  seven  samples  in 
subgroup  II  are  moderately  eutrophic. 

Subgroup  III  (Fig.  3)  is  a  discrete  group  of 
three    samples    from    Strawberry    Reservoir. 


Table  3.  Summary  of  prevalent  species  in  the  lakes  and  reservoirs  examined  during  this  study.  Species  with  aver- 
age relative  densities  above  the  3%  level  were  included. 
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Fig.  3.  Cluster  dendrogram  showing  similarities  of  stands  of  diatoms  in  the  study  area.  Sample  numbers  are  shown 
within  subgroups.  An  explanation  of  these  numbers  can  be  found  in  Table  5. 


This  unit  is  similar  to  Subgroup  II.  Steph- 
anodiscus  astraea  is  responsible  for  an  aver- 
age of  45%  of  the  diatom  populations.  As- 
terionella  formosa  is  replaced  by  Cocconeis 
placentuh  var.  lineata  in  two  of  the  samples 
and  by  Nitzschia  palea  and  Navicula  lanceo- 
lata  in  the  third.  These  samples  are  probably 
meso-eutrophic  stands  in  isolated  parts  of  an 
otherwise  highly  eutrophic  reservoir.  For  ex- 
ample, one  of  these  samples  was  collected  at 
the  inlet  of  Strawberry  River  and  would  have 
a  strong  river  influence  that  would  isolate  it 
from  the  surrounding  reservoir  type. 

Subgroup  IV  (Fig.  3)  is  dominated  by 
Stephanodisctis  astraea  var.  minutula. 
Beyond   this   species,    similarity   between 


stands  is  relatively  low.  The  subgroup  is  com- 
posed of  three  Strawberry  Reservoir  samples 
that  are  eutrophic  and  differ  from  subgroup  I 
by  having  a  variety  of  Stephanodisctis  astraea 
as  the  dominant  form.  A  fourth  Strawberry 
Reservoir  sample  is  uniquely  dominated  by 
Stephanodiscus  niagarae  and  Stephanodisciis 
astraea  var.  minutula.  The  other  two  samples 
making  up  this  subgroup  were  from  Utah 
Lake.  Their  uniqueness  is  ascribed  to  the 
commonness  of  Diatoma  vulgare  in  one 
sample  and  Achnanthes  minutissima  in  the 
other.  Both  these  samples  differ  strongly  from 
the  rest  taken  from  Utah  Lake.  One  was 
taken  from  Provo  Bay,  an  isolated  area  with 
lower  turbidity  and  TDS  than  the  rest  of  the 
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Sub-Groups  from  Cluster  Dendogram 

Fig.  4.  Shannon-Wiener  diversity  indices  for  stands  in  relationship  to  snbgroiips  described  in  the  stand  cluster 
dendrogram  (Fig.  3).  Subgroups  I  to  III  represent  the  eutrophic  samples.  Subgroups  IV  and  V  represent  the  mesotro- 
phic  sites,  subgroup  VI  the  saline  eutrophic,  and  subgroup  VII  the  oligotrophic. 


lake.  The  other,  from  the  west  shore  of  the 
lake,  was  possibly  influenced  by  one  of  the 
numerous  imderwater  springs. 

Subgroup  V  (Fig.  3)  is  not  formed  from 
stands  from  any  particular  lake.  Except  for 
one  Deer  Creek  Reservoir  sample,  the  stands 
are  from  mesotrophic  systems.  Diatoms  that 
characterize  this  group  are  Fragilaria  croto- 
nensis,  Asterionella  fonnosa,  Stephanodiscus 
astraea  var.  minutiila,  Melosira  granulata, 
StepJianodiscus  niagarae,  and  Stephanodiscus 
astraea.  These  organisms  were  present  in  less 
abundance  than  in  the  eutrophic  groups,  and 
diversity  was  higher  (Fig.  4). 

Subgroup  VI  (Fig.  3)  is  a  discrete  unit  from 
Utah  Lake.  All  the  Utah  Lake  samples  clus- 
tered together  in  this  unit  except  for  the  two 
in  subgroup  IV.  Melosira  granulata  var.  ang- 
ustissima,  StepJianodiscus  astraea  var.  min- 
utula,  and  Cyclotella  meneghiniana  domi- 
nated     this      group.      Amphora      ovalis, 


Stephanodiscus  niagarae,  and  Achnanthes 
minutissinia  were  common  in  the  majority  of 
samples.  This  pattern  of  high  diversity  (Fig. 
4)  in  an  otherwise  eutrophic  system  seems  to 
be  typical  of  saline  eutrophic  systems  with 
high  TDS  and  turbidity. 

Subgroup  VII  (Fig.  3)  is  another  unit  of 
dissimilar  samples.  Each  of  these  samples 
contained  a  diverse  diatom  flora  (Fig.  4),  and 
no  single  species  or  group  of  species  domi- 
nated. Diatoms  important  in  stands  of  this 
subgroup  were  Achnanthes  minutissima, 
Nitzschia  palea,  Asterionella  formosa,  Nav- 
icula  cryptocephala  var.  veneta,  Surirella 
ovalis,  Achnanthes  lanceolata,  Goniphonema 
olivaceum,  and  Nitzschia  amphibia.  Diversity 
was  very  high,  as  is  common  in  oligotrophic 
systems  (Fig.  4). 

One  sample  from  Rockport  Reservoir  did 
not  cluster  with  any  subgroup  at  all.  The 
diatoms  that  characterized  this  sample  were 
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Diatoma  vulgare  and  Cymbella  affinis.  Melo-  cent  bottom  sediment  diatoms  as  an  impor- 

sira  varians  and  Gomphonema  olivacetim  tant   additional   tool   rather   than  a   replace- 

were  also  common.  This  stand  did  not  cluster  ment  of  other  biological,  physical,  and  chem- 

with  subgroup  II  or  III  even  though  it  also  ical  analyses. 

derives  from  moderately  eutrophic  waters.  This  conclusion   is  important  for  another 

This  study  supports  the  suggestion  that  dia-  reason.  Paleodiatomological  studies  have  long 

tom  assemblages  occurring  in  recent  bottom  assumed    that    diatom    assemblages    in    sedi- 

sediments  can  accurately  reflect  current  tro-  ments  have  reflected  the  ecological  status  of 

phic  conditions  of  the  waters  of  deposition,  depositional  waters.  The  present  study  pro- 

Furthermore,  the  study  of  bottom  sediment  vides  additional  evidence  that  this  assump- 

diatom  assemblages  can  be  extremely  useful  tion  is  valid. 

since  sampling  can  be  done  during  any  sea-  To  demonstrate  the  relationship  between 

son.  Nevertheless,  we  view  the  study  of  re-  bottom  sediment  diatoms  and  planktonic 

Table  4.  Prevalent  diatom  species  responsible  for  the  formation  of  subgroups  in  Figure  2.  The  importance  value  is 
obtained  by  multiplying  frequency  by  average  relative  density. 
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Species 

Stepharwdisctis  astraea 

82.3 

51.0 

44.6 

9.6 

3.3 

2.3 

Asterionella  fonnosa 

4.7 

26.4 

2.6 

3.6 

19.2 

6.8 

Stephanodiscus  niagarae 

1.5 

6.1 

7.9 

5.5 

Mclosim  gmnulata 

1.4 

4.0 

2.3 

8.3 

Cocconeis  placentua  var.  lineafa 

1.2 

18.4 

2.4 

Hantzschia  amphioxijs 

1.0 

Vmgdarki  crotonensis 

2.3 

32.5 

Achnantlws  minutissima 

1.7 

2.6 

4.5 

1.2 

4.1 

10.4 

Nitzschia  palea 

4.7 

1.1 

6.8 

Navicula  cryptocepliala  var.  veneta 

2.9 

1.0 

5.1 

Epithemia  sorex 

2.7 

Fragilaria  capucina  var.  mesolepta 

2.6 

Navicida  lanceolata 

2.4 

Nitzschia  (nnphihia 

1.8 

Nitzschia  frusttdiiin 

1.5 

Synedra  socio 

1.3 

Navicula  pupula 

1.2 

Synedra  idna 

1.2 

Stephanodiscus  astraea  var.  minutula 

66.2 

14.2 

14.2 

Diatoma  vulgare 

1.0 

2.8 

Stephanodiscus  astraea 

7.6 

Cyclotella  bodanica 

1.6 

Melosira  gramdata  var.  angustissima 

23.2 

Cyclotella  meneghiniana 

12.3 

Amphora  ovalis 

6.1 

Pleurosigma  delicattdum 

4.3 

Amphora  ovalis  var.  pediculus 

3.5 

Surirella  ovalis 

2.3 

5.0 

Navicula  graciloides 

1.5 

Diploneis  smithii 

1.1 

Nitzschia  linearis 

1.0 

Achtiandi es  lanceola ta 

4.8 

Gomphonema  olivaceum 

3.2 

Nitzschia  amphibia 

3.0 

Amphora  veneta 

2.8 

Cocconeis  placentula  var.  euglypta 

2.8 

Cymbella  ventricosa 

2.5 

Gomphonema  parvulum 

1.8 
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Table  5.  Number  of  species  encountered  and 
Shannon-Wiener  species  diversity  index  for  each  sample 
studied.  Sample  codes  refer  to  station  numbers  estab- 
lished by  Mountainland  Association  of  Governments 
(MAG  1977a)  and  Uinta  Basin  Association  of  Govern- 
ments (Merritt  et  al.  1977a). 


Table  5  continued. 


Sample 
number 


9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


25 
26 
27 
28 
29 
30 


31 

32 
33 
34 
35 


36 
37 
38 
39 
40 


Sample 
code 


No.  of  Species 

species  in       diversity 

sample  index 


Steinaker  Reservoir 
SN-2  14 

SN-1  31 

Starvation  Reservoir 
SR-3  10 

SR-5  14 


Moon 

Lake 

M-2 

31 

Strawberry 

Reservo 

ir 

SB-1 

15 

SB-2 

11 

SB-3 

6 

SB-4 

27 

SB-5-1 

22 

SB-5-2 

21 

SB-5-3 

5 

SB-6-1 

33 

SB-6-2 

16 

SB-6-3 

19 

SB-6-4 

39 

SB-6-5 

18 

SB-6-6 

4 

SB-7 

30 

SB-9-1 

22 

SB-9-2 

5 

SB-9-3 

15 

SB-10 

60 

SB-11 

39 

Echo  Reservoir 

E-3 

38 

E-2 

21 

E-6 

16 

E-1 

27 

E-7 

32 

E-5 

22 

Rockport  Reservoii 

R-5 

22 

R-1 

15 

R-3 

17 

R-2 

24 

R-3.5 

24 

Deer  Creek  Reservoir 
A-2  18 

A-3  24 

C-1  14 

C-2  38 

C-3  46 


1.58 
3.07 


1.72 
1.83 


3.02 


0.74 
0.55 
0.37 
1.09 
0.54 
0.59 
0.74 
1.45 
0.83 
0.30 
1.93 
0.58 
0.93 
1.96 
1.03 
0.62 
0.96 
1.81 
2.41 


2.65 
1.63 
2.39 
2.13 
2.90 
1.95 


0.33 
1.00 
1.67 
1.30 
2.60 


1.23 
1.64 
1.92 
1.51 
2.03 


No.  of  Species 

Sample  Sample  species  in       diversity 

number  code  sample  index 


41 
42 
43 
44 
45 


46 

47 
48 
49 
50 
51 
52 
53 


C-4 

21 

DC-14 

16 

DC- 13 

17 

DC-15 

35 

DC-7 

26 

Utah  Lake 

UL-13.5 

24 

UL-13 

27 

UL-6 

21 

UL-26.5 

21 

PB-3 

26 

UL-3 

18 

UL-11 

16 

UL-12.5 

23 

1.94 
0.40 
0.70 
1.86 
1.43 


2.37 
2.72 
2.23 
1.89 
2.09 
1.99 
1.99 
1.95 


floras,  we  are  currently  correlating  the  rela- 
tive densities  of  the  two  in  our  study  sites 
with  physical  and  chemical  parameters.  Fur- 
ther research  is  planned  in  three  areas.  First, 
we  want  to  assess  the  effects  of  in-lake  dia- 
tom transport.  Second,  we  want  to  determine 
the  usefulness  of  recent  bottom  sediment  dia- 
tom studies  for  determining  small  differences 
in  trophic  status  in  a  single  lake.  And  third, 
we  are  interested  in  pursuing  the  reason  for 
dominance  of  centric  diatoms  in  our  eu- 
trophic  study  sites  in  contrast  to  other  forms 
elsewhere  (Stockner  1972). 
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METHODS  AND  MATERIALS  FOR  CAPTURING  AND 
MONITORING  FLAMMULATED  OWLS 

Richard  T.  Reynolds'  and  Brian  D.  Linkhart- 

Abstract.—  Techniques  for  locating,  capturing,  and  monitoring  activities  and  movements  of  Flammulated  Owls 
were  developed  during  four  years  of  study.  Adults  responded  to  imitated  territorial  song  throughout  the  nesting  sea- 
son. Nests  were  found  by  noting  vocalizations  and  behaviors  associated  with  courtship-feeding  and  food  transfers  be- 
tween the  sexes.  After  fledging,  broods  were  difficult  to  follow,  unless  the  young  or  adults  were  radio-tagged.  Adults 
and  voung  were  captured  with  noose  poles,  hoop  nets,  and  mist  nets.  Backpack  harnesses  and  tail-mounted  trans- 
mitters were  used  on  adults  and  backpacks  on  fledglings.  Transmitter  life  was  .30-40  nights. 


The  Flammulated  Owl  (Otus  flammeohis 
[Kaiip])  is  a  little-known  insectivorous  species 
(Ross  1969)  associated  with  montane  forests 
of  western  North  America  (Bent  1938,  Win- 
ter 1974).  One  of  the  smallest  owls  in  this  re- 
gion, it  is  probably  migratory  in  the  northern 
part  of  its  range  (Balda  et  al.  1975). 

The  Flammulated  Owl  is  often  found  in  as- 
sociation with  mature  ponderosa  pine  (Pinus 
ponderosa)  or  Jeffrey  pine  {P.  jeffreyi)  forests 
mixed  with  fir  {Abies  spp.),  Douglas  fir  {Pseu- 
dotsuga  menziesii),  western  larch  {Larix  occi- 
dentalis),  or  incense  cedar  {Libocedrus  deciir- 
rens)  (Johnson  and  Russell  1962,  Bull  and 
Anderson  1978,  Marcot  and  Hill  1980,  Rey- 
nolds pers.  obs.).  However,  the  owl  has  been 
recorded  in  forests  of  second-growth  pine 
(Winter  1974),  pinyon  pine  {P.  monophylla) 
(Huey  1932),  and  aspen  {Populus  tremuloides) 
(Webb  1982).  Because  few  studies  have  in- 
volved intensive  nest  searches,  the  extent  of 
breeding  in  any  of  these  forest  types  or  ages 
is  unknown. 

The  association  of  this  owl  with  mature 
pine,  a  forest  type  that  is  heavily  managed 
throughout  the  western  United  States,  its  de- 
pendence on  cavities  for  nests,  and  reports 
that  this  species  was  not  found  in  cutover  for- 
ests (Marshall  1957,  Phillips  et  al.  1964, 
Franzreb  and  Ohmart  1978),  suggests  that 
this  owl  and  its  habitat  affinities  need  further 
research.  Because  reliable  techniques  for  lo- 
cating, capturing,  and  monitoring  Flammu- 
lated Owls  were  not  available,  research  on 
this  species  has  progressed  slowly. 


We  studied  a  nesting  population  of 
Flammulated  Owls  in  a  4  km  ^  area  of  mature 
ponderosa  pine  forest  in  central  Colorado 
from  1980  to  1983.  As  many  as  six  nesting  at- 
tempts and  from  6  to  10  presumably  non- 
breeding  territorial  males  were  observed  or 
monitored  each  year  on  the  area.  We  report 
techniques  found  useful  for  locating  nests, 
capturing  birds,  and  monitoring  their  move- 
ments and  patterns  of  habitat  use. 

Locating  Owls 

Breeding  adults  were  located  from  early 
May  to  mid-September  by  imitating  their  ter- 
ritorial song  (see  Marshall  1939,  Winter 
1971,  Marcot  and  Hill  1980).  On  calm  nights, 
singing  owls  can  be  heard  to  1  km  distance. 
We  found  that  males  responded  more  com- 
monly, but  females  will  occasionally  sing  pri- 
or to  egg  laying  and  after  fledging.  Nesting 
males  respond  less  and  sing  on  their  own 
(without  artificial  stimulation)  less  than  non- 
nesting males. 

Prior  to  egg  laying,  both  males  and  females 
were  found  in  the  vicinity  of  their  nests  by 
listening  for  the  food  solicitation  (begging) 
calls  of  females  (raspy  "meow"s)  and  location 
calls  of  males  ("boop-boop,  boop-boop") 
when  they  entered  the  area  with  food. 
Fledged  young  were  located  by  listening  for 
their  food  begging  (throaty  hiss)  and  the  loca- 
tion calls  of  adults.  For  the  first  five  nights 
after  fledging,  broods  remained  within  100  m 
(but  usually  beyond  50  m)  of  their  nests. 


'Rocky  Mountain  Forest  and  Range  Experiment  Station.  240  West  Prospect,  Fort  Collins.  Colorado  80526. 
^Department  of  Fishery  and  Wildlife  Biology,  Colorado  State  University,  Fort  Collins,  Colorado  80523. 
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Thereafter,  some  broods  moved  to  1  km  from 
the  nests  through  a  series  of  sporadic  move- 
ments, each  followed  by  several  sedentary 
nights.  We  used  six-volt  flashlights  to  aid  in 
observations  of  the  owls. 

Locating  Nests 

To  identify  nests,  we  first  located  and 
marked  all  trees  containing  cavity  entrances 
greater  than  4  cm  diameter.  When  possible, 
we  used  a  cavity-peeper  (DeWeese  et  al. 
1975)  to  confirm  the  suitability  of  cavities  for 
owls.  All  Flammulated  Owl  nest  cavities  on 
our  study  area  were  flat  bottomed  and  18-40 
cm  deep,  with  minimum  entrance  diameters 
of  4-10  cm. 

Each  potential  cavity  was  observed  for 
10-15  minutes  at  night  to  determine  occu- 
pancy. The  first  three  hours  after  dusk  were 
the  best  because  feedings  were  most  frequent 
then  (up  to  7  feedings/ 15  minutes).  When 
males  approached  with  food  they  gave  loca- 
tion calls,  and  females  often  responded  by 
begging  from  within  the  cavity.  About  mid- 
way through  nesting,  both  males  and  females 
fed  the  young  in  the  cavity  after  calling  qui- 
etly during  approach.  These  calls  were  au- 
dible to  100  m  under  good  conditions.  The 
best  procedure  for  checking  suspected  cav- 
ities was  to  take  a  position  so  as  to  highlight 
cavity  entrances  against  the  sky  in  order  that 
approaching  birds  could  be  seen. 

Capture  and  Handling 

Four  techniques  were  used  to  capture 
adults.  During  pair  bonding  and  courtship 
feeding,  when  females  are  relatively  seden- 
tary, we  used  a  6.4  m  telescoping  noose  pole 
with  a  12.5  cm  diameter  loop  of  coated  stain- 
less steel  line  attached  (Zwickel  and  Bendell 
1967)  to  snare  her  or  the  male  from  trees.  Af- 
ter egg  laying  and  before  fledging,  both  sexes 
were  captured  by  placing  a  small  mist  net 
over  the  cavity  entrance.  The  mist  netting 
was  formed  to  a  bag  (30  cm  deep)  and  was 
woven  to  a  wire  hoop  (40  cm  dia)  attached  to 
the  end  of  a  telescoping  pole.  After  the 
young  fledged,  adults  were  captured  by  teth- 
ering one  or  more  young  to  the  ground  adja- 
cent to  a  3  X  6  m  mist  net.  The  mist  net, 
shaped  to  form  an  L  by  wrapping  it  around  a 


midpole,  was  placed  so  that  the  tethered 
young  were  inside  and  about  1.5  m  from  the 
corner.  The  high  frequency  of  feeding  in  the 
early  evening  affords  many  opportunities  to 
capture  the  adults.  Owlets  were  captured  by 
removing  them  from  nests  or  by  snaring  them 
with  noose  poles  after  they  fledged.  In  some 
cases  we  enlarged  cavity  entrances  with  rasps 
and  files  to  gain  access.  Mist  nets  were  used 
to  capture  adults  from  day  roosts  that  were 
less  than  4  m  high.  Nets  were  placed  down- 
slope  from  the  roosts  and  the  birds  were 
flushed  into  them  by  approaching  from  the 
upslope  side. 

Handling  of  Flammulated  Owls  presents 
few  problems.  Immediately  after  capture  the 
birds  may  struggle,  but  within  a  short  time 
they  become  docile  and  may  fall  into  a  sleep 
that  requires  a  minute  or  two  from  which  to 
awake  once  released.  When  birds  were  held 
for  extended  periods  (e.g.,  attaching  trans- 
mitters), we  inserted  the  owl  into  a  sock  with 
the  toe  end  cut  out  but  tied  shut.  This  pro 
tected  the  bird  and  permitted  us  to  lay  it 
aside  when  necessary.  When  finished,  the 
tied  end  was  loosened  and  the  bird  slipped 
through. 

Monitoring  Nesting  Activities 

Because  Flammulated  Owls  are  quite 
tame,  observations  at  the  nest  seemed  to  dis- 
turb them  Httle.  To  determine  diets  and  fre- 
quency of  food  delivery,  we  used  a  soft  back- 
ground light  (gasoline  lanterns)  placed 
approximately  10  m  from  the  nest.  This  per- 
mitted the  use  of  binoculars  to  observe  adults 
as  they  approached  the  nest.  Because  food 
items  are  transported  in  the  bill,  tripod- 
mounted  cameras  adjacent  to  the  hole  and 
pointed  into  the  approach  route  were  used  to 
photograph  food.  Photos  provided  an  excel- 
lent means  of  identifying  Lepidoptera  larvae 
and  other  arthropods. 

Activities  and  Movements 

Radio  telemetry  was  useful  in  obtaining  in- 
formation on  behavior,  home  range  size,  hab- 
itat use,  intra-  and  interspecific  interactions, 
and  population  densities. 

Transmitter  weights  should  not  exceed 
3-5%  of  a  bird's  body  weight  (MacDonald 


January  1984 


Reynolds,  Linkhart:  Flammulated  Owls 


51 


and  Amlaner  1980).  Mean  weights  of  males 
and  females  in  our  study  were  53  and  58  g, 
respectively.  Our  transmitters  weighed  2.3  g, 
measured  20  X  9  X  9  mm,  and  had  a  life  of 
30-40  days.  Short  transmitter  life  required 
that  the  birds  be  recaptured  frequently. 
Transmission  distances  ranged  from  100  to 
800  m,  the  latter  being  under  line-of-sight 
conditions.  Preliminary  results  indicate  males 
may  move  up  to  800  m  from  nests. 

Backpacks  and  tail-mounts  were  used  to 
attach  transmitters.  Tail-mounted  trans- 
mitters (Kenward  1978)  were  used  on  adults 
nesting  in  small  cavities.  The  tail-mount  is  at- 
tached to  the  dorsal  rachis  of  the  central  tail 
feathers  with  commercial  hot-melt  glue 
(Bruggers  et  al.  1981).  To  avoid  getting  glue 
on  the  uropygial  gland,  we  kept  the  trans- 
mitters away  from  the  body  and  used  a  mini- 
mal amoimt  of  glue  (0.3  g  is  sufficient).  A 
package  that  is  too  heavy  (3.0 +  g)  might  re- 
sult in  feather  breakage  or  premature  shed- 
ding. Tail-moimts  were  not  used  on  fledglings 
until  tail  feathers  were  fully  developed. 

The  backpack  harness  (Smith  and  Gilbert 
1981)  was  used  for  fledglings  and  adults.  We 
used  the  double-loop  style  with  dimensions  of 
12.5  cm  (circumference)  for  the  neck  strap, 
3.5  cm  (length)  for  the  breast  strap,  and  15 
cm  (circumference)  for  the  body  strap  and 
the  criss-cross  style  (overall  length  of  21.0 
cm).  Polyester  elastic  braid  (3.1  mm  wide) 
was  used  for  strap  material.  The  transmitter 
was  attached  to  the  harness  with  hot-melt 
glue  before  fitting  the  harness  on  the  owl. 

We  used  a  portable  receiver  and  a  hand- 
held yagi  antenna  to  follow  individuals. 
Headphones  facilitated  direction-finding  dur- 
ing pursuit  and  bad  weather.  Because  males 
foraged  over  17-27  ha  and  made  frequent 
trips  to  their  nests,  it  was  helpful  to  have  a 
co-worker  at  the  nest  to  communicate  with  a 
two-way  radio  the  owls'  time  of  arrival  and 
direction  of  departure.  Although  following 
the  owls  with  hand-held  antennae  required 
considerable  effort,  this  method  (as  opposed 
to  triangulation)  allowed  direct  observations 
that  enabled  us  to  determine  foraging  behav- 
ior and  habitat  use. 
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UTAH  FLORA:  CACTACEAE 

Stanley  L.  Welsh' 

ABSTRACT.—  The  Cactaceae  of  Utah  are  revised.  Keys  to  genera,  species,  and  infraspecific  taxa  are  provided. 
The  taxa  are  provided  with  descriptions  and  geographical  and  other  pertinent  data.  New  nomenclatnral 
combinations  include  Sclerocactus  ptthispinus  (Englem.)  L.  Benson  var.  spinosior  (Engelm.)  Welsh  and  Sclerocactus 
whipplei  (Englem.)  Britt.  &  Rose  var.  ^lauctts  (K.  Schum.)  Welsh. 


Classification  of  cacti  has  been  regarded  as 
difficult,  and  our  Utah  taxa  are  not  excep- 
tions. Many  factors  combine  to  cause  this  dif- 
ficulty. Morphologically  similar  flowers,  at 
least  in  some  of  the  genera,  have  forced 
workers  to  use  vegetative  characteristics  such 
as  stem  and  spine  structure,  nature  of  the 
areoles,  presence  or  absence  of  surface  cov- 
erings, shape  and  number  of  ribs  or  tubercles, 
and  natiu-e  of  hypogeous  features  for  pur- 
poses of  differentiation.  Flowers,  even  within 
a  taxon,  may  show  great  color  amplitude.  Ad- 
ditionally, workers  have  relied  on  the  nature 
of  the  fruit,  and,  even  in  tiiose  years  when 
fruits  are  formed,  they  are  present  for  only  a 
small  portion  of  the  year.  The  use  of  fruits  by 
insects  as  incubation  chambers  for  larvae 
makes  this  organ,  in  otherwise  dry-fruited 
taxa,  resemble  fleshy  fruits.  Also,  such  in- 
fested fruits  often  are  the  only  ones  seen,  as 
they  persist  after  healthy  fruits  have  matured 
and  fallen. 

Longtime  workers  in  this  field  have  typi- 
cally used  a  common  garden  approach  to 
avoid  phenotypic  variation  as  representing 
genotypic  differences.  But  that  approach  has 
also  led  to  problems  because  phenotypes  in 
common  garden  grown  plants  sometimes  lack 
similarity  with  the  plants  grown  under  field 
conditions,  and  attempts  to  identify  field- 
grown  plants  by  use  of  keys  to  identification 
based  on  the  garden-grown  ones  often  fail. 

Paucity  or  lack  of  diagnostic  reprodvictive 
morphology  imposes  a  different  kind  of  at- 
tempt at  classification,  wherein  taxonomic 
groups  are  sometimes  (perhaps  often)  based 
on  analogies,  not  on  homologies.  Thus,  the 
systems  of  classification  of  cacti  tend  to  be 


artificial,  with  the  taxonomic  units  sometimes 
representing  convenience  rather  than  rela- 
tionship. The  plants  with  vegetative  parts  ap- 
pearing alike  can  have  separate  possible  ori- 
gins, and  because  they  look  alike  they  are 
placed  together— though  they  might  be  but 
distantly  related  or  completely  unrelated. 
Possibly  because  of  the  artifical  nature  of  the 
taxa,  there  are  more  infraspecific  taxa  than 
would  seem  warranted  in  other  families  of 
similar  size;  in  Utah  we  have  28  species  and 
20  varieties,  or  a  total  of  48  taxa.  Eleven  of 
the  species,  or  about  40  %,  have  two  or  more 
varieties. 

Problems  likewise  involve  breeding  sys- 
tems in  the  cacti.  Hybridization  is  rampant  in 
some  genera,  especially  so  in  Opuntia,  sub- 
genus Opuntia,  where  almost  every  conceiv- 
able combination  of  hybridity  is  available  in 
the  field  and  is  represented  by  specimens  in 
the  herbarium.  Genetic  barriers  to  hybridiza- 
tion seem  to  be  lacking  or  essentially  so.  The 
plants,  once  established,  have  a  great  poten- 
tial longevity.  The  presence  of  hetero- 
zygosity does  not  seem  to  affect  that  longev- 
ity, and  it  may  increase  the  possibility  of 
survival  in  more  diverse  habitats. 

Problems  of  understanding  cactus  tax- 
onomy have  not  been  aided  by  the  attraction 
of  cacti  to  a  large  group  of  more  or  less  well-  I 
trained  admirers,  some  of  whom  have  at-  ■ 
tempted,  with  varied  success,  to  resolve  no- 
menclatnral and  taxonomic  difficulties.  Some 
workers  have  studied  the  group  from  afar, 
and  each  variant  has  seemed  worthy  of  being 
named.  The  named  entities  are  then  sought 
by  other  cactus  fans,  in  an  extension  of  the 
trophy  syndrome.  Professional  workers  in  the 
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family  have  sometimes  attempted  to  diminish 
collecting  by  trophy  hunters  and  commercial 
gatherers  by  withholding  information  on  col- 
lection localities,  making  further  legitimate 
work  difficult  if  not  impossible.  Into  this  tan- 
gled jimgle  of  nomenclatural  and  taxonomic 
problems  struggled  Lyman  Benson,  whose 
life  work  on  the  cacti  (1982)  represents  the 
first  overview  of  the  family  for  North  Ameri- 
ca north  of  Mexico  and  the  most  realistic  ap- 
proach to  undoing  the  Gordian  knot  created 
by  all  those  who  had  worked  with  the  group 
prior  to  him.  Because  of  his  tremendous  con- 
tribution to  an  imderstanding  of  the  Cac- 
taceae, this  meager  work  is  dedicated  to  him. 

Tolerance  to  varied  ecological  conditions 
evidently  results  in  different  phenotypical  re- 
sponses, even  when  the  genotype  is  more  or 
less  homogenous.  Thus,  plants  from  shaded 
slopes  may  have  a  different  appearance  than 
those  in  the  more  open  area  nearby. 

Ecologically  many  of  the  cactus  species  are 
opportimists,  taking  advantage  of  reduction 
of  more  palatable  range  vegetation,  thereby 
increasing  under  heavy  utilization  by  live- 
stock in  some  areas.  Cacti  are  thought  of  as 
indicators  of  drought  situations,  but  some 
species  show  great  ecological  amplitude,  oc- 
curring from  dry  low  elevation  areas  upward 
to  mesic  high  elevation  sites.  The  greater 
bulk  of  them  occur  in  the  southernmost  coun- 
ties, especially  in  Washington  County  with 
its  extension  of  the  Mojave  Desert  vegetative 
type.  Cacti  are  present  in  every  county  in 
Utah,  however. 

Cacti  are  generally  armed  with  spines, 
which  are  straight,  curved,  or  twisted;  erect, 
spreading,  or  deflexed;  smooth  or  barbed; 
variously  colored;  flattened  or  terete;  or  in 
some  species  and  forms  lacking  altogether. 
The  spines  serve  to  protect  the  plants  from 
predation  and  grazing  by  inflicting  mechani- 
cal injury  to  animals  and  humans.  Some  birds, 
however,  have  learned  to  take  advantage  of 
certain  of  the  cacti  by  building  nests  among 
the  protective  curtain  of  spines,  i.e.,  the  cac- 
tus wren.  The  opuntias  have  other  features 
that  protect  them.  In  subgenus  Cylin- 
dropimtia  the  epidermis  of  the  spines  is  de- 
ciduous, forming  a  sheath  that  remains  within 
the  puncture  wound  when  animals  contact 
the  sharp  spines.   Additionally,  all  opuntias 


produce  neatly  packed  multirowed,  re- 
trorsely  barbed  spinules  known  as  glochids. 
The  glochids  are  borne  in  the  upper  portion 
of  the  areoles,  specialized  areas  at  the  nodes 
(often  on  tubercles).  This  upper  portion  of 
the  areole  is  also  the  area  capable  of  contin- 
ued growth,  and  new  glochids  seem  to  form 
each  year  on  some  Opuntia.  The  glochids  are 
easily  detachable  by  even  gentle  contact  with 
animal  skin.  The  sharp  points  penetrate  the 
skin  and  are  locked  in  place  by  the  retrorse 
barbs,  forming  a  subvisible  burning  irritant 
that  reminds  one  of  its  presence  with  each 
contact  with  some  surface,  even  following  di- 
minution of  the  initial  burning  sensation. 

Because  of  their  form,  armament,  and  abil- 
ity to  hold  water,  usually  as  bound  water  in 
complex  colloidal  systems,  botanists  have 
been  reluctant  to  make  collections.  The  pres- 
ent study  is  based  on  the  examination  of  606 
specimens,  and  the  writer  has  collected  only 
173  of  those.  The  preservation  of  an  adequate 
herbarium  specimen  requires  time,  patience, 
and  suffering.  Because  of  these  problems,  and 
because  the  specimens  thus  produced  are  of- 
ten offensive  to  the  aesthetic  senses  of  bota- 
nists, they  are  collected  only  by  persons  of 
great  devotion  or  dullness.  Hence,  botanical 
collection  seldom  provides  much  voucher 
material  for  definitive  taxonomic  judgments, 
and  little  possibility  exists  of  depletion  of  nat- 
ural populations  by  botanical  collectors.  The 
cacti  are  a  miserable  group  with  which  to 
work  and,  except  as  botanical  curiosities, 
they  would  have  received  little  attention. 

Fortunately,  commercial  gathering  of  cac- 
tus species  in  Utah  has  not  been  extensive. 
Our  marketable  cacti  are  few,  and  with  one 
or  two  exceptions  there  seems  to  be  little  fu- 
ture in  gathering  cacti  commercially  in  Utah. 

The  flowers  of  cacti  are,  however,  among 
the  most  beautiful  of  all  plants  in  Utah.  The 
numerous  petals  (petaloids)  vary  from  white 
to  yellowish,  greenish,  yellow,  golden, 
bronze,  pink,  violet,  pink-purple,  violet- 
purple,  red,  and  scarlet,  each  taking  on  an  al- 
most fluorescent  hue  due  to  shape  of  individ- 
ual cells  in  their  surfaces.  Photographs  sel- 
dom do  justice  to  the  beauty  of  the  plants; 
they  are  best  viewed  in  their  natural  habitats, 
where  the  mind  serves  to  judge  the  intense 
beauty  and  to  hold  that  vivid  impression  in 
memory. 
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Cactaceae  glochids,  spines,  branches,  or  flowers;  peri- 

anth of  numerous  segments  grading  from  se- 
Cactus  Family  P^^^  *°  petals,  imbricate,  the  bases  more  or 

less  united,   inserted  on  a  hypanthium;  sta- 

Perennial  succulent  woody  or  herbaceous      mens  numerous,  variously  inserted  within  the 

plants,  with  spiny,  glochidiate,  or  rarely      hypanthium  tube;  style  1;  stigmatic  lobes  sev- 

imarmed,    globose,    cylindric,    columnar,    or      eral;  ovary  inferior;  fruit  a  dry  or  fleshy 

flattened  stems;  stems  ribbed,  smooth,  or  tu-      many-seeded  berry. 

berculate;   leaves  lacking,   or  green,   terete,      Benson,   L.   1982.  The  cacti  of  the   United 
and  caducous  (Opuntia);  areoles  axillary  (re-  States   and    Canada.    Stanford    Univ. 

gardless  of  apparent  position),  bearing  wool.  Press,  California.  1044  pp. 

1.  Stems  jointed,  the  joints  flattened,  clavate,  or  cylindric;  areoles  with  glochids 
and  spines  (or  spineless),  subtended  by  caducous  terete  green  leaves  when 
yoimg  Opuntia 

—  Stems  hemispheric  or  cylindroid,  not  jointed;  areoles  with  hair  or  spines  but  no 
glochids 2 

2(1).  Flowers  borne  in  axils  of  tubercles  or  at  bases  of  grooves,  removed  from  the 
spiniferous  areoles;  central  spine  hooked,  dark  purple;  small  hemispheric  or 
cylindrical  plants  of  Washington  County MammiUaria 

—  Flowers  borne  variously,  seldom  as  above;  central  spines  hooked  or  straight, 

but  if  hooked  then  not  of  Washington  County  3 

3(2).         Stems  with  tubercles  spirally  arranged;  tubercles  distinctly  grooved  on  upper 

side;  flowers  pink  or  yellow  Coryphantha 

—  Stems  ribbed;  tubercles  not  grooved;  flowers  variously  colored 4 

4(3).         Flowers  borne  laterally  below  the  stem  apex;  hypanthium  spiny Echinocereus 

—  Flowers  terminal  on  the  stems;  hypanthium  devoid  of  spines  5 

5(4).         Stems  20-50  cm  in  diameter  or  more,  mainly  2-10  dm  tall;  upper  axils  and 

ovaries  not  woolly;  plants  of  Washington  County  Ferocactus 

—  Stems  usually  much  smaller,  or  if,  as  rarely,  approaching  the  lower  limits  as 
described  above,  the  ovaries  and  upper  axils  woolly  6 

6(5).         Stems  mainly  12-25  cm  in  diameter;  spines  flattened,  annular;  ovaries  and 

upper  axils  woolly;  plants  rare  in  Kane  (?)  and  Washington  counties Echinocactus 

—  Stems  mainly  3-10  cm  in  diameter;  spines  variously  terete,  subterete,  or 
flattened,  but  not  annular;  ovaries  and  upper  axils  not  or  rarely  woolly 7 

7(6).         Spines  straight,  purplish  or  reddish,  2-5  cm  long  or  more;  flowers  rose-pink; 

plants  of  the  Beaver  Dam  Mountains,  Washington  County Neolloydia 

—  Spines  hooked  or  some  or  all  of  them  straight;  flowers  variously  colored;  plants 

not  of  western  Washington  County,  or  if  so  then  the  flowers  yellow 8 

8(7).         Stems  with  spines  all  straight,  depressed-hemispheric;  flowers  white  to  yellow 

or  pale  pinkish,  mainly  1-2  cm  long  Pediocactus 

—  Stems  with  at  least  some  spines  hooked,  or  if  straight,  then  flowers  rose-pink  to 
violet  or  more  than  2  cm  long Sclerocactus 

Coryphantha  (Engelm.)  Lem. 

spines  smooth;  central  spines  0  or  3-12  per 

Plants  depressed-hemispheric   to   hemi-      areole,  transitional  to  radials,  straight,  elliptic 

spheric  or  shortly  cylindric,  solitary  or  colo-      in   cross-section;   radial  spines   12-40  per 

nial;  tubercles  separate;  areoles  circular;      areole,  straight,  subterete;  flowers  axillary  at 
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tubercle  base,  at  end  of  a  felty  persistent 
groove  connected  to  the  areole,  borne  near 
the  summit  of  the  stem;  flowers  funnelform, 


the  perianth  pink-purple  to  rose  or  yellow; 
fruit  fleshy,  green  or  red,  indehiscent;  seeds 
black  or  brown. 


1.  Flowers     yellow;     fruit     red     at     maturity,     globular;     plants     rare     in 

Garfield  and  Kane  counties C.  missouriensis 

—  Flowers  pink-purple  to  rose;  fruit  green  at  maturity,  ellipsoid;  plants  widely 

distributed C.  vivipara 


Coryphantha  missouriensis  (Sweet)  Britt. 
&  Rose  [Mammillaria  inissoiiriensis  Sweet]. 
Stems  commonly  solitary,  depressed  hemi- 
spheric, 2-5  cm  tall,  3-8  cm  wide;  tubercles 
6-9  mm  long;  areoles  few;  radial  spines 
10-19,  spreading;  flowers  3.8-5  cm  wide  and 
long;  sepaloids  greenish,  the  margins  yellow- 
ish or  whitish;  petaloids  yellow;  filaments 
yellow;  anthers  yellow;  style  green,  12-25 
mm  long;  fruit  red,  ca  1  cm  thick;  seeds 
black,  2-2.5  mm  wide.  Cool  desert  shrub, 
juniper,  and  ponderosa  pine  communities  in 
Garfield  (type  of  variety  from  Hells  Back- 
bone) and  Kane  (lectotype  of  variety  from 
Buckskin  Mts.)  counties;  Arizona.  Our  mate- 
rial belongs  to  var.  marstonii  (Clover)  Ben- 
son [C.  marstonii  Clover];  1  (0).  The  species 
is  distributed  from   Montana  east  to  North 


Dakota,  south  to  Arizona,  New  Mexico,  and 

Texas. 

Coryphantha  vivipara  (Nutt.)  Britt.  &  Rose 

[Cactus  viviparus  Nutt.].  Stems  solitary  or 
colonial,  depressed  hemispheric  to  short-cy- 
lindric,  mainly  2-15  cm  tall,  2-10  cm  wide; 
tubercles  6-9  mm  long;  areoles  1.5-3  mm 
wide;  central  spines  3-12,  whitish  basally, 
dark  apically,  mainly  12-20  mm  long;  radial 
spines  12-20,  spreading,  obscuring  the  stem; 
flowers  2.5-5  cm  wide  and  long;  sepaloids 
greenish,  the  margins  variously  colored;  pet- 
aloids pink-purple  or  rose;  anthers  yellow; 
fruit  green,  ellipsoid,  12-25  mm  long;  seeds 
brown,  reticulate,  1.5-2  mm  wide.  Three 
more  or  less  distinctive  varieties  are  present 
in  Utah. 


1.  Central  spines  4;   flowers  ca  3.8   cm   wide;   plants  of  Carbon  and   Uintah 

counties C.  vivipara  var.  vivipara 

—  Central  spines  4-7;  flowers  wider  or  if  narrower  then  not  of  northeastern  Utah 2 

2(1).         Flowers  about  2.5-3  cm  wide;  radial  spines  12-20,  9-12  mm  long;  petaloids 

yellowish,  greenish,  or  pinkish;  plants  of  Washington  County  ..C.  vivipara  var.  deserti 

—  Flowers  mainly  3.8-5  cm  wide;  radial  spines  20-30;  petaloids  pink-purple  to 
rose;  plants  rather  broadly  distributed C  vivipara  var.  arizonica 


Var.  arizonica  (Engelm.)  W.  T.  Marshall 

[Mammillaria  arizonica  Engelm.].  Desert 
shrub  and  pinyon-juniper  communities  at 
1586  to  2440  m  in  Beaver,  Garfield,  Juab, 
Kane,  Millard,  Piute,  San  Juan,  Sevier, 
Tooele,  Washington,  and  Wayne  counties; 
Nevada  to  Colorado,  south  to  Arizona  and 
New  Mexico;  23  (xiii).  This  variety  is  locally 
common  on  limestone  and  dolomite  outcrops 
and  on  gravels  degraded  from  them.  It  is  a 
beautiful  plant  when  in  flower,  the  violet 
flowers  contrasting  with  the  thatch  of  whitish 
spines.  Like  other  of  our  depressed-hemi- 
spheric cacti,  the  plants  expand  as  they  take 
up  water  in  springtime.  Following  flowering, 
the  plants  dry  and  shrink  downward  into  the 


substrate  surface.  Plants  conspicuous  at  flow- 
ering become  difficult  to  observe  when  dor- 
mant. The  juice  of  Coryphantha  vivipara  is 
apparently  unique  among  our  species  in 
being  non-mucilaginous. 

Var.  deserti  (Engelm.)  W.  T.  Marshall 
[Maynmillaria  deserti  Engelm;  M.  chlorantha 
Engelm.,  type  from  St.  George].  The  small 
yellowish  to  pinkish  flowers  are  apparently 
diagnostic.  Warm  desert  shrub  communities 
at  760  to  980  m  in  Washington  County;  Ari- 
zona, Nevada,  and  California;  2  (i). 

Var.  vivipara.  Desert  shrub  and  pinyon 
juniper  communities  in  Carbon  and  Du- 
chesne counties;  Alberta  to  Manitoba,  south 
to  Oregon,  New  Mexico,  and  Texas;  1  (0). 
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EcHiNocACTus  Link  &  Otto 

Stems  solitary  or  few  to  many,  subglobose 
to  cylindric,  woolly  at  the  apex,  few-  to 
many-ribbed;  areoles  large;  spines  broad,  flat- 
tened-triangular,  with  transverse  annular 
rings;  flowers  borne  subapically,  yellow;  flo- 
ral tube  bearing  spiny  persistent  scales;  ovary 
clothed  with  narrow  scales  having  mats  of 
wool;  fruit  densely  white-woolly,  dry  at 
maturity;  seeds  black,  shining. 


Echinocactus  polycephalus  Engelm.  &  Bi- 
gel.  Stems  mostly  2-3  dm  tall  and  1-2  dm 
thick  (or  more);  ribs  10-21;  areoles  10-12 
mm  long;  radial  spines  8-10,  2.5-5  cm  long, 
often  reddish  when  young,  subulate,  triangu- 
lar-flattened; central  spines  3-5,  stouter  than 
the  radial,  annulate,  curved  but  not  hooked, 
3-8  cm  long;  flowers  5-6  mm  long,  yellow; 
perianth  segments  narrowly  oblong;  fruits 
15-25  mm  long,  dehiscing  by  a  basal  pore; 
seeds  angular,  black.  Two  varieties  are  poten- 
tially present  in  Utah. 


1.  Spines  felty,  at  least  when  young;  seeds  papillate,  dull  or  shining  from  the 

papillae;  plants  of  Washington  County  E.  polycephalus  var.  polycephalus 

—  Spines  smooth  or  with  scattered  hairs;  seeds  smooth  and  shining;  plants  of 

Kane  (?)  County E.  polycephalus  var.  xeranthemoides 


Var.  polycephalus.  Warm  desert  shrubland 
on  the  Beaver  Dam  slope,  Washington  Coun- 
ty (reported  by  Meyer);  Nevada,  California, 
and  Arizona;  0  (0). 

Var.  xeranthemoides  Coulter.  Pinyon-juni- 
per  and  desert  shrub  commmiities  near  Ka- 
nab,  Kane  Coimty,  Arizona;  a  Plateau  en- 
demic; 0  (0).  This  report  is  based  on  two 
collections  by  pioneer  collectors,  one  by  A. 
L.  Siler  (in  "Kanab  Mts.")  in  1881  and  the 
other  by  Dr.  E.  Palmer  in  1877  (in  "S. 
Utah").  Since  it  is  probable  that  neither  knew 
where  the  Utah-Arizona  boundary  was  situat- 
ed (it  was  surveyed  in  1879),  the  collections 
noted  could  have  been  taken  from  nearby 


Arizona.   However,   the   plants  should  be 
sought  near  Kanab. 

EcHiNOCEREUs  Eugclm.  in  Wisliz. 

Stems  erect  or  ascending,  solitary  or  more 
usually  colonial,  cylindric  or  subcylindric; 
areole  small;  central  spines  1-6;  radial  spines 
5-12,  acicular  to  subulate,  flattened  or  sub- 
terete;  flowers  borne  laterally,  below  the 
stem  apex,  the  bud  breaking  through  the  epi- 
dermis above  the  areole,  large  and  showy, 
pink-purple  to  scarlet;  stigmas  green;  fruit 
fleshy,  spiny,  not  regularly  dehiscent,  the 
spine  clusters  deciduous  as  fruit  matures. 


1.  Flowers  pink-purple  to  rose;  stems  solitary  or  few,  often  over  10  cm  tall  

E.  engelmannii 

—  Flowers  scarlet;  stems  often  10  cm  long  or  less,  few  to  numerous  in  compact 

hemispheric  clusters E.  triglochidiatus 


Elchinocereus    engelmannii    (Parry)    Lem. 

[Cereus  engelmannii  Parry].  Stems  solitary  or 
2  to  several  (or  rarely  many)  and  loosely  clus- 
tered, mainly  10-30  cm  tall,  5-9  cm  thick; 
ribs  10-13;  tubercles  not  prominent;  areoles 
small,  subcircular;  central  spines  2-6,  stout, 
more  or  less  curved  or  twisted,  2-5  cm  long; 
radial  spines  6-12,  7-15  mm  long,  appressed 
and  spreading;  flowers  5-9  cm  long,  pink- 
purple  to  rose;  perianth  segments  oblong; 
fruit  ovoid  to  oblong,  green  or  turning  red. 


the  spine  clusters  deciduous;  seeds  black,  glo- 
bose, pitted,  1-1.5  mm  long.  This  widely 
ranging  southwestern  species  consists  of  a 
series  of  morphologically  differing  but  inter- 
grading  segregates,  which  largely  lack  geo- 
graphical integrity.  Utah  material  has  been 
assigned  to  three  of  the  named  segregates 
(Benson  1982).  The  following  tentative  key 
will  serve  to  allow  application  of  names  to 
most  specimens. 


1.  General  aspect  of  spines  purplish-black,  with  some  grayish  ones  apically  or 
intermixed;  stems  mainly  15-30  cm  tall;  plants  of  warm  desert  shrub 
commimities  in  south  central  Washington  County  E.  engelmannii  var.  purpureas 
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—  General  aspect  of  spines  grayish,  with  some  purpHsh  black  ones  apically  or 
intermixed;  stems  often  10-20  cm  tall;  plants  of  various  distribution 2 

2(1).         Lowermost  central  spines  mainly  3.5-6  cm  long,  not  markedly  differing  in  col- 
or from  the  other  spines;  plants  of  canyons  of  the  Colorado 

E.  engelmannii  var.  variegatus 

—  Lowermost  central  spines  mainly  2.8-4.5  cm  long,  often  markedly  differing  in 

color  from  other  spines;  plants  mainly  not  of  the  Colorado  canyons  

£.  engebnannii  var.  chrysocentrus 


Var.  chrysocentrus  (Engelm.  &  Bigel.) 
Engelm.  ex  Rumpler  [Cerens  engelmannii 
var.  chrysocentrus  Engelm.  &  Bigel.].  Larrea, 
Joshua  tree,  shadscale,  and  mountain  brush 
commimities  at  760  to  1865  m  in  Beaver, 
Juab,  Kane  (inter  var.  variegatus),  Millard, 
and  Washington  counties;  Nevada,  Califor- 
nia, and  Arizona;  18  (v). 

Var.  purpureus  L.  Benson  Blackbrush  com- 
munity at  915  to  1130  m  in  south  central 
Washington  Co.  (type  from  1  mi  N  St. 
George);  endemic;  16  (i).  This  dark-spined 
phase  of  hedgehog  cactus  is  transitional  to 
var.  chrysocentrus.  Interpreted  broadly,  it  in- 
cludes specimens  from  near  Leeds  to  west  of 
Santa  Clara,  and  might  be  regarded  as  a 
dark-spined  phase  of  var.  chrysocentrus.  But 
the  degree  of  integrity  is  about  the  same  as 
for  infraspecific  taxa  elsewhere  in  the  Cac- 
taceae, and  it  seems  best  to  recognize  this  en- 
tity at  some  taxonomic  rank. 

Var.  variegatus  (Engelm.  &  Bigel.) 
Engelm.  ex  Rumpler  [Cereus  engebnannii 
var.    variegatus   Engelm.    &    Bigel.].    Black- 


brush,  shadscale,  and  pinyon-juniper  commu- 
nities at  1125  to  1895  m  in  Garfield,  Kane, 
and  San  Juan  counties;  Arizona;  6  (ii).  Pur- 
ported differences  between  this  phase  of  the 
species  complex  and  those  noted  for  var. 
chrysocentrus  are  tenuous,  and  the  two 
phases  could  be  combined  without  doing 
serious  injustice  to  their  taxonomy. 

Echinocereus  triglochidiatus  Engelm.  [E. 
coccineus  Engelm.].  Stems  few  to  several 
hundred  in  compact  hemispheric  clumps  or 
mounds,  mainly  8-15  cm  long,  3-6  cm  thick; 
ribs  9  or  10,  the  tubercles  not  prominent; 
areoles  circular,  bearing  a  white  felty  mat 
when  young;  central  spines  1-3,  8-40  mm 
long  or  more,  stout,  straight  or  curved  to 
twisted;  radial  spines  5-8,  4-35  mm  long,  not 
appressed,  spreading;  flowers  5-7.5  mm  long, 
scarlet;  perianth  segments  cuneate-obovate; 
fruit  red  at  maturity,  obovoid  to  cylindroid; 
seeds  papillate,  1.5-2  mm  long.  Three  rather 
weakly  separable  varieties  are  present  in 
Utah. 


1.  Areoles  spineless  or  with  spines  less  than  3  mm  long;  plants  of  San  Juan  and 

adjacent  Grand  counties E.  triglochidiatus  var.  inertnis 

—  Areoles  armed,  the  spines  mainly  4-40  mm  long  or  more;  plants  of  broad  but 
different  distribution  2 

2(1).         Central  spines  twisting  or  curved;  flowers  often  over  4  cm  wide;  plants  of 

Millard,  Beaver,  and  Washington  counties  E.  triglochidiatus  var.  inojavensis 

—  Central  spines  straight;  flowers  often  less  than  4  cm  wide;  plants  of  broad 
distribution  E.  triglochidiatus  var.  melanacanthus 


Var.  inertnis  (K.  Schum.)  Rowley  [£.  phoe- 
niceus  var.  inertnis  K.  Schum.].  Salt  desert 
shrub-pinyon-juniper  vegetative  types  at  ca 
1525  m  in  San  Juan  and  Grand  (?)  counties; 
Colorado;  a  Plateau  endemic;  1  (i).  The  type 
was  taken  from  the  La  Sal  Mts.  Benson 
(1982)  treats  this  plant  in  synonymy  under 
var.  melanacanthus,  but  it  has  about  the 


same  degree  of  morphological  and  geo- 
graphic integrity  as  do  other  phases  regarded 
as  varieties.  It  is  recognized  herein  mainly  to 
draw  attention  to  its  existence. 

Var.  melanacanthus  (Engelm.)  L.  Benson 
[Cereus  coccineus  var.  melanacanthus 
Engelm.].  Blackbrush,  Ephedra,  sagebrush, 
pinyon-juniper,   mountain  brush,   and  aspen 
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communities  at  975  to  2562  m  in  Beaver, 
Carbon,  Daggett,  Duchesne,  Emery,  Gar- 
field, Grand,  Iron,  Juab,  Kane,  Millard,  Piute, 
San  Juan,  Sanpete,  Sevier,  Tooele,  Uintah, 
Utah,  Washington,  and  Wayne  counties;  Ne- 
vada to  Colorado,  south  to  California,  Ari- 
zona, New  Mexico,  Texas,  and  Mexico;  77 
(xiii). 

Var.  mojavensis  (Engelm.  &  Bigel.)  L. 
Benson  [Ceretis  mojavensis  Engelm.  & 
Bigel.].  Mixed  desert  shrub,  pinyon-juniper, 
and  ponderosa  pine  communities  at  1550  to 
2257  m  in  Beaver,  Millard,  and  Washington 
counties;  3  (i). 

Ferocactus  Britt.  &  Rose 

Plants  hemispheric  to  cylindric,  massive; 
ribs  thick,  prominent,  somewhat  spirally  ar- 
ranged; spines  coarse,  the  central  ones  flat- 
tened and  transversely  annulate,  not  hooked; 
areoles  large,  more  or  less  woolly  when 
yoimg;  flowers  subterminal,  yellow,  fimnel- 
fonn;  stamens  numerous;  ovary  and  floral 
tube  scaly,  not  woolly;  fruit  oblong  in  out- 
line, dry  at  maturity,  dehiscent  by  a  basal 
pore. 

Ferocactus  acanthodes  (Lem.)  Britt.  & 
Rose  [Echinocactus  acanthodes  Lem.].  Plants 
mainly  2-15  dm  tall  and  2-5  dm  thick  or 
more;  ribs  20-30;  areole  1-1.5  cm  long, 
brown-woolly  when  young;  spines  pink,  red, 
or  yellow,  the  central  ones  1-4,  subulate,  flat- 
tened, annulate,  curved,  4-8  cm  long  or 
more;  radial  spines  with  mixed  coarse  and 
slender  ones;  flowers  4-6  mm  long,  the  scales 
of  the  tube  and  ovary  overlapping  when 
yoimg,  ovate;  perianth  segments  oblong  to 
spatulate;  filaments  yellow;  fruit  3-3.5  cm 
long;  seeds  2-3  mm  long,  reticulate.  Lime- 
stone and  dolomite  outcrops  and  gravels  at 
760  to  1375  m  in  Washington  County;  Ne- 
vada, California,  and  Arizona;  1  (0).  Our  ma- 
terial belongs  to  var.  lecontei  (Engelm.) 
Lindsay  [Echinocactus  lecontei  Engelm.]. 
This  is  the  largest  cactus  native  to  Utah;  it  is 
distinguished  from  Echinocactus  pohj- 
cepluilus  by  the  large  size,  glabrous  ovaries, 
and  merely  short-woolly  areoles. 

Mammillaria  Haw. 

Subglobose  to  shortly  cylindric  plants, 
stems  solitary  or  few;  tubercles  many,  elon- 


gate, in  spiral  rows;  areoles  spiniferous; 
spines  smooth,  the  central  1-4  straight  or  1 
or  more  hooked;  flowers  borne  between  tu- 
bercles, diurnal;  fruit  fleshy,  red,  lacking  ap- 
pendages, elongate. 

Mammillaria  tetrancistra  Engelm.  [Phel- 
losperma  tetrancistra  (Engelm.)  Britt.  & 
Rose.].  Stems  4-10  cm  tall  or  more,  4-6  cm 
wide;  tubercles  4-10  mm  long,  more  or  less 
woolly  in  the  axils  when  young;  central 
spines  1-4,  dark,  1  or  more  hooked,  10-15 
mm  long;  radial  spines  30-45,  mostly  whitish; 
flowers  25-30  mm  long;  sepaloids  green  with 
pink  margins;  petaloids  rose  to  pink-purple; 
fruit  scarlet,  12-20  mm  long.  Warm  desert 
shrub  communities  at  760  to  1300  m  in 
Washington  County;  Nevada,  California,  Ari- 
zona; 3  (ii). 

Neolloydia  Britt.  &  Rose 

Subglobose  to  shortly  cylindric  plants, 
mostly  solitary;  ribbed  and  more  or  less  tu- 
berculate;  areoles  small;  central  spines  1  to 
several  or  lacking,  straight  (or  curved),  not 
hooked;  radial  spines  9-10;  flowers  borne 
subapically  at  the  base  of  a  woolly  groove, 
purple  or  pink-purple;  fruit  green,  drying 
tan,  dehiscing  by  a  basal  pore,  the  scales  and 
their  axils  glabrous. 

Neolloydia  johnsonii  (Parryi)  L.  Benson 
[Echinocactus  johnsonii  Parry  in  Engelm.; 
Echinomastus  johnsonii  (Parry)  Baxter;  Fero- 
cactus johnsonii  (Parry)  Britt.  &  Rose].  Stems 
solitary,  seldom  branched,  8-20  cm  tall,  5-10 
cm  thick,  the  ribs  17-21,  obscured  by  inter- 
locking spines;  areoles  with  a  short  narrow 
woolly  groove  running  to  the  axil;  central 
spines  pink  to  reddish  or  purplish,  3-4  cm 
long,  terete;  radial  spines  paler  in  color; 
flowers  5-6  cm  long,  purple  or  pink-purple; 
fruit  green,  drying  tan,  oblong,  10-15  mm 
long,  nearly  naked,  splitting  dorsally;  seeds  ca 
2.5  mm  long,  papillate.  Warm  desert  shrub 
community  at  760  to  1250  m  in  Washington 
County;  Nevada,  Arizona,  and  California;  3 
(i)- 


Opuntia  Mill. 

Stems  jointed,  the  joints  flattened,  cylin- 
dric, or  clavate;  areoles  with  glochids  (i.e., 
detachable  barbed  spinules),  and  commonly 
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with  1  or  more  stout  spines  (less  commonly  colored;  floral  tube  cup  shaped;  ovary  with 

spineless);  spines  naked  or  sheathed;  leaves  areoles;    stamens    numerous;    stigmas    short; 

terete,    fleshy,    caducous;    flowers   borne    in  fruit  fleshy  or  dry,  armed  or  unarmed;  seeds 

areoles  of  previous  year's  growth,  variously  with  a  bony  aril,  flattened. 

1.  Stem  joints  cylindric  or  clavate;  spines  with  detachable  epidermal  sheaths,  at 

least  apically  (subgenus  Cylindropuntia)  2 

—  Stem  joints  flattened;  spines  not  sheathed  (subgenus  Opuntia)  5 

2(1).         Stem  joints  clavate,  1  or  few  above  ground,  mainly  3-10  cm  tall,  arising  from  a 

tuberous  subterranean  joint;  plants  of  Millard,  Juab,  and  Tooele  counties 

O.  pulchella 

—  Stem  joints  cylindric,  several  to  numerous  above  ground,  mainly  3-20  dm  tall, 

not  arising  from  a  tuberous  joint;  plants  of  various  distribution 3 

3(2).         Joints  mainly  less  than  2  cm  thick;  fruits  fleshy  at  maturity;  plants  of  rather 

broad  distribution  in  Utah  O.  ivhipplei 

—  Joints  mainly  over  2.5  cm  thick;  fruits  dry  at  maturity;  plants  mainly  of 
Washington  County  4 

4(3).         Ridge  of  tubercle  on  mature  joints  mainly  18-22  mm  long,  more  than  3  times 

longer  than  broad;  longer  terminal  joints  mainly  more  than  15  cm  long  

O.  acanthocarpa 

—  Ridge  of  tubercle  on  mature  joints  mainly  10-15  mm  long,  only  1-2  times 

longer  than  broad;  longer  terminal  joints  mainly  shorter  than  15  cm  long  

O.  echinocarpa 

5(4).  Areoles  with  glochids  only;  spines  not  developed  (except  in  hybrids  with  other 
taxa),  or  if  present  the  glochids  very  numerous  and  4-10  mm  long;  plants  of 
Washington,  Kane,  and  San  Juan,  and  less  commonly  of  Emery,  Garfield  and 
Wayne  counties  O.  hasilaris 

—  Areoles  with  glochids  and  spines,  at  least  some,  or  if  lacking  (a  condition 
probable  in  all  species)  then  of  different  distribution  6 

6(5).  Fruit  dry  at  maturity,  finally  tan,  green  or  reddish  when  young;  seeds  mainly 
4-8  mm  long,  rough  and  irregular  in  outline  (key  nonfruiting  specimens  both 
ways)  7 

—  Fruit  fleshy  at  maturity,  red  or  reddish  purple  to  purple;  seeds  mainly  2.5-4.5 

mm  long,  smooth  and  regular  in  outline 10 

7(6).         Largest  joints  2-8   cm   long,    1.5-3.5  cm   wide,   readily  detachable   (carried 

burrlike  by  animals) O.fragilis 

—  Largest  joints  mainly  7-15  cm  long  or  more,  4-12  cm  broad  or  more,  not 
readily  detachable  8 

8(7).         Spines  not  especially  flattened,  even  basally,  terete  or  nearly  so,  or  rarely 

lacking;  plants  transitional  to  the  next  O.  polyacantha 

—  Spines  at  least  somewhat  flattened,  at  least  basally,  usually  elliptic  in  cross- 
section  9 

9(8).         Spines  less  than  1  mm  thick,  more  or  less  flexible;  joints  mainly  5-15  cm  long 

and  3-10  cm  wide;  plants  rather  widespread,  transitional  to  the  next 

O.  erinacea 

—  Spines  over  1  mm  thick  (at  least  some),  not  especially  flexible;  joints  often  over 
15  cm  long  and  10  cm  wide;  plants  of  the  Glen  Canyon  vicinity  (transitional  to 

O.  pliaeacantha) O.  nicholii 


60  Great  Basin  Naturalist  Vol.  44,  No.  1 

10(9).       Spines  terete  to  subterete,  not  flattened  (except  when  hybridizing  with  O. 

phaeacantha),  commonly  1-6  per  areole 11 

—  Spines  at  least  basally  flattened,  narrowly  elliptic  in  cross-section,  commonly  3 

per  areole  12 

11(10).     Spines  gray  or  brownish;  plants  usually  prostrate,  not  forming  upright  clumps; 

largest  joints  mainly  less  than  12  cm  long;  plants  scattered  in  Utah  O.  rnacrorhiza 

—  Spines  tan  or  variously  colored;  plants  usually  upright  and  with  several  joints 
standing  above  the  ground;  largest  joints  mainly  more  than  12  cm  long;  plants 

of  San  Juan  and  Washington  counties O.  Uttoralis 

12(10).     Joints  subcircular  in  outline;  spines  all  deflexed,  yellow;  plants  of  Washington 

County  O.  chlorotica 

—  Joints  mainly  obovate  in  outline;  spines  spreading  in  various  directions,  brown 

to  tan  or  gray;  plants  of  rather  broad  distribution O.  phaeacantha 

Opuntia  acanthocarpa  Engelm.  &  Bigel.  Benson,   with   tubercular   ridges    15-22   mm 

Shrubs,  mainly  8-15  dm  tall  or  more;  trunk  long  and  larger  joints  12-30  cm  long.  More 

short;  larger  terminal  joints  mostly  12-50  cm  material  is  necessary  to  determine  the  nature 

long,  2-3  cm  thick;  tubercles  decurrent  along  of  the  Utah  materials. 

the  joint,  mostly  15-50  mm  long  and  4-6  mm  Opuntia  basilaris  Engelm.  &  Bigel.  Plants 

wide;    leaves   caducous;    areoles    circular;  mainly  10-30  cm  high  and  to  1  m  broad  or 

spines  6-20  or  more  per  areole,  1-4  cm  long,  more;  joints  blue,  blue-green,  violet-green,  or 

variously  colored,  the  sheathes  straw  colored;  green,  obpyriform,  obovate,  orbicular,  or 

glochids  minute;   flowers  4-6  cm   long;   se-  spatulate,  5-30  cm  long,  2.5-12  cm  broad; 

paloids  greenish  yellow;  petaloids  red,  pur-  areoles  circular,  9-17  mm  apart;  spines  lack- 

plish,  or  yellow;  ovary  spiny;  fruit  dry,  tan  or  ing  (some  present  in  various  hybrids);   glo- 

brown,  spiny,  2-4  cm  long;  seeds  5-8  mm  chids  brown  to  tan;  flowers  5-8  cm  long;  se- 

long,  tan  or  whitish.  Larrea-Joshua  tree,  and  paloids  greenish,  edged  with  violet  or  yellow; 

other  warm  desert  shrub  commvmities  at  760  petaloids   violet   or   yellow;   fruit   2.5-3   cm 

to  1220  m  in  Washington  County;  Nevada,  long,  dry  at  maturity,  green,  becoming  tan  or 

California,  Arizona,  and  Mexico;  5  (i).  Two  gray;  seeds  ca  6-8  mm  long,  white  or  grayish, 

varieties  are  reported  from  Utah  by  Benson  Four  more  or  less  distinctive  and  geographi- 

(1982);   var.  acanthocarpa,   with   tubercular  cally  correlated,  but  problematical,  varieties 

ridges  30-50  mm   long  and  longer  joints  are  present. 
25-50  cm  long;   and  var.  coloradoensis   L. 

1.  Joints  obpyriform,  seldom  otherwise,  suffused  with  violet  or  blue;  glochids 

brown;  plants  of  Washington  and  San  Juan  counties O.  basilaris  var.  basilaris 

—  Joints  mainly  obovate  to  spatulate,  suffused  with  blue,  or  green  or  yellow; 
glochids  tan  to  yellowish;  plants  variously  distributed  2 

2(1).  Spines  often  present;  glochids  mainly  4-10  mm  long,  often  copious;  plants  of 

Washington  County,  transitional  to  O.  phaeacantha  O.  basilaris  var.  woodburyi 

—  Spines  lacking  or  essentially  so;  glochids  seldom  to  4  mm  long,  moderately 
abundant;  plants  of  various  distribution  3 

3(2).         Joints  obovate,  bluish  green  (drying  ashy  or  bluish);  flowers  commonly  yellow; 

plants  of  Kane  and  Washington  counties O.  basilaris  var.  aurea 

—  Joints  spatulate,  yellowish  to  bluish  green;  flowers  commonly  violet;  plants  of 
Emery,  Garfield,  and  Wayne  counties  O.  basilaris  var.  heilii 

Var.  aurea   (Baxter)   W.  T.   Marshall   [O.  m   in   Kane   and  Washington  counties;   Ari- 

aurea  Baxter,  type  from  Pipe  Springs,  Ari-  zona;    a    Plateau    endemic;    6    (iii).    Inter- 

zona].   Sagebrush,   pinyon-juniper,   and   pon-  mediates  occur  between  this  taxon  and  O.  eri- 

derosa  pine  communities  at  ca  1220  to  2075  nacea  and  O.  polyacantha. 
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Var.  basilaris.  Warm  desert  shnib  commu- 
nity at  760  to  1770  m  in  San  Juan  (Cataract 
Canyon)  and  Washington  counties;  Nevada, 
California,  Arizona,  and  Mexico;  10  (iv).  The 
materials  from  Cataract  Canyon  differ  in 
tenuous  ways  from  the  typical  material  in 
Washington  County;  they  do  not  seem  wor- 
thy of  taxonomic  recognition. 

Var.  heilii  Welsh  &  Neese.  Salt  desert 
shrub  communities  at  1460  to  1680  m  in 
Emery,  Garfield,  and  Wayne  counties;  en- 
demic; 3  (0). 

Var.  woodburyi  Earl.  Warm  desert  shrub 
community  at  ca  920  m  in  Washington 
Coimty  (type  from  Fort  Pierce  Wash);  en- 
demic; 4  (i).  This  "variety"  appears  to  have 
been  derived  from  introgression  involving  O. 
basilaris  var.  basilaris  and  O.  phaeacantha, 
which  are  sympatric  at  the  type  locality  (N. 
D.  Atwood,  pers.  comm.).  The  plants  are  long 
lived  and  form  a  portion  of  the  diversity 
within  the  opimtias  of  Washington  County. 
Recognition  at  taxonomic  rank  is  problem- 
atical for  two  reasons;  naming  of  hybrid  de- 
rivatives could  proceed  endlessly,  and  the  di- 
lemma of  placement  of  the  "variety"  in  one 
of  the  parental  species  begs  the  question  of 
the  contribution  of  the  other  parent  (i.e.,  it  is 
allied  to  both,  but  it  cannot  be  placed  in 
both). 

Opuntia  chlorotica  Engelm.  &  Bigel. 
Shrubby  plants,  mainly  6-15  dm  tall;  tnmk  to 
30  cm  long;  larger  joints  15-20  cm  long  and 
about  as  broad,  orbicular  to  suborbicular, 
blue-green;  areoles  elliptic,  ca  20  mm  apart; 
spines  present  in  all  but  basal  areoles,  yellow- 
ish, 1-6,  all  deflexed,  straight  or  curved  at 
the  base,  2.5-4  cm  long;  glochids  yellow; 
flowers  5-8  mm  long;  sepaloids  and  petaloids 
yellow,  or  suffused  with  red;  ovary  with  glo- 
chids and  some  spinules;  fruit  fleshy,  grayish, 
tinged  with  purple,  lacking  spines;  seeds 
2.2-3  mm  long,  tan,  smooth.  Desert  shrub 
communities  at  1400  m  in  Washington 
County  (Beaverdam  Mts.  and  Zion  Canyon); 
Nevada,  California,  Arizona,  New  Mexico, 
and  Mexico;  3  (ii). 

Opuntia  echinocarpa  Engelm.  &  Bigel. 
Shrubs,  mainly  8-15  dm  tall;  trunk  to  half  of 
plant  height;  larger  terminal  joints  mainly 
less  than  15  cm  long  (5-15),  2-4  cm  thick;  tu- 
bercles decurrent  along  the  joint,  mostly 


6-15  mm  long  and  4-5  mm  wide;  leaves  ca- 
ducous; areoles  circular;  spines  3-12  per 
areole,  1-3  cm  long,  straw  colored  or  silvery 
or  yellow;  sheathes  colored  like  the  spines; 
glochids  minute;  flowers  3-4.5  cm  long;  se- 
paloids and  petaloids  greenish  yellow,  the 
outer  sometimes  suffused  reddish;  fruit  dry, 
green,  turning  tan.  Creosote  bush,  Joshua 
tree,  blackbnish,  and  shadscale  communities 
at  760  to  1376  m  in  Beaver  (?)  and  Washing- 
ton counties;  Nevada,  California,  Arizona, 
and  Mexico;  5  (iii). 

Opuntia  erinacea  Engelm.  Plants  mainly 
10-30  cm  tall  and  to  1  m  in  diameter  or 
more;  larger  joints  obovate  to  spatulate, 
glaucous,  5-19  cm  long,  3-11  cm  wide; 
areoles  small,  4-18  mm  apart;  spines  at  all  or 
most  areoles  or  only  in  the  upper  ones  (or 
lacking?),  4-9  per  areole,  deflexed,  flexible, 
straight  or  irregularly  curved,  0.5-10  cm 
long,  less  than  1  mm  thick,  at  least  some 
clearly  flattened  (at  least  basally);  glochids 
yellow  to  tan  or  brown;  flowers  4.5-7.5  cm 
long;  sepaloids  commonly  greenish;  petaloids 
yellow,  bronze,  pink,  or  violet;  ovary  usually 
spiny;  fruit  dry,  tan  to  brown,  spiny,  2.5-3 
cm  long,  deciduous;  seeds  4-6  mm  long, 
whitish.  Plants  of  this  complex  of  morpho- 
logically differing  forms  intergrade  freely 
among  themselves,  and  they  hybridize  with 
the  dry  fruited  O.  basilaris  var.  aurea,  O. 
fragilis,  O.  nicholii,  and  with  the  varieties  of 
O.  polyacantha.  Further,  th^y  hybridize  with 
the  fleshy  fruited  O.  phaeacantha,  O.  litto- 
ralis,  and  likely  with  O.  macrorhiza.  Inter- 
gradation  with  O.  polyacantha  is  sufficiently 
complete  as  to  pose  the  question  of  whether 
maintenance  of  the  proposed  segregates 
within  separate  species  is  reasonable.  I  follow 
tradition  in  maintaining  them  thusly,  be- 
cause, if  a  case  is  made  for  combining  these 
two  species,  then  a  similiar  case  must  be  con- 
sidered for  union  of  all  platyopuntias  with 
which  they  intergrade  into  a  single  poly- 
morphic species.  The  variants  could  then  be 
recognized  as  belonging  to  numerous  in- 
fraspecific  taxa,  approximately  equal  to  the 
number  of  taxa  recognized  currently.  Such  a 
proposal  would  solve  none  of  the  basic  prob- 
lems resulting  from  intergradation  of  taxa, 
despite  the  convenience  of  having  only  one 
name  at  the  specific  level  for  all  of  the 
prickly  pears.  Three  varieties  are  recognized. 
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1.  Spines  lacking  in  much  of  the  joint,  mainly  confined  to  the  upper  half  or  along 

the  upper  edge;  plants  widespread  O.  erinacea  var.  utahensis 

—  Spines  present  in  much  or  all  of  the  joint;  plants  of  the  southern  half  of  Utah  2 

2(1).         Spines   stiff,   rigid,   the   longest   mainly    1-4   cm   long;    plants   widespread   in 
southern  Utah  O.  erinacea  var.  erinacea 

—  Spines  slender  and  more  or  less  flexible,  the  longest  3-10  cm  long;  plants  of 
Washington  County  O.  erinacea  var.  iirsina 

Var.  erinacea  [O.  hijstricina  sensu  Utah  au-  1-9  per  areole,  disoriented,  4-25  mm  long  or 
thors].  Wann  and  mixed  desert  shrub  com-  more,  terete  to  somewhat  flattened;  glochids 
mimities  at  885  to  1285  m  in  Beaver,  Emery,  tan  to  brown;  flowers  3.5-6  cm  long;  sepal- 
Grand,  Kane,  Millard,  San  Juan,  Washington,  oids  greenish;  petaloids  yellowish,  greenish, 
and  Wayne  counties;  Nevada  to  Colorado,  bronze,  or  violet;  fruit  dry,  tan,  spiny  or 
California,  Arizona,  and  New  Mexico;  20  (ix).  spineless,  1.2-2.5  cm  long.  This  is  a  taxon  of 
It  has  been  postulated  (Benson  1982)  that  this  unusually  great  latitude  of  habitat  types 
phase  of  O.  erinacea  is  one  of  the  putative  ranging  from  low  elevation  marshlands  and 
parents  of  O.  nicholii,  the  other  being  O.  riparian  sites  upwards  to  pinyon-juniper, 
pimeacantha.  Along  Glen  Canyon  there  are  ponderosa  pine,  sagebrush,  mountain  brush, 
many  specimens  which  bridge  this  variety  and  aspen  communities  at  1370  to  2565  m  in 
with  O.  nicholii.  Box  Elder,  Carbon,  Duchesne,  Emery,  Gar- 

Var.  ursina  (Weber)  Parish  [O.  ursina  We-  field,  Piute,  San  Juan,  Sanpete,  Sevier,  Uin- 

ber;  O.  rubrifolia  Engelm.  ex  Coulter,  type  tah,  Utah,  and  Weber  counties;  British  Co- 

from  St.  George].  Warm  desert  shrub  com-  lumbia    to    Ontario,    south    to    California, 

munity  at  760  to  900  m  in  Washington  Coun-  Nevada,  Arizona,   New   Mexico,  Texas,  and 

ty;  Nevada,  California,  and  Arizona;  4  (ii).  Iowa;    18   (iii).   Morphological   amplitude   of 

Our  material  shows  evidence  of  mixing  with  our  specimens  is  greater  than  that  reported 

var.  erinacea.  for  the  species  as  a  whole  (Benson  1982),  ex- 

Var.  utahensis  (Engelm.)   L.  Benson   [O.  eluding  hybrids  presumably  intermediate 

spliaerocarpa  var.  utahensis  Engelm;  O.  rho-  with  both  O.  erinacea  and  O.  pohjacantha. 

dantha   K.   Schum.;   O.   xanthostemma   K.  Recognition   of   proposed   infraspecific    taxa 

Schum.;  O.  erinacea  var.  xanthostemma  (K.  seems  moot. 

Schum.)  L.  Benson].  Blackbrush,  pinyon-juni-  Opuntia  littoralis  (Engelm.)  Britt.  &  Rose 

per,   sagebmsh,   mountain  brush,   ponderosa  [Opuntia  engehnannii  var.  Httoralis  Englem.]. 

pine,  and  aspen  commimities  at  1220  to  2810  Plants  mainly  30-50  cm  high  and  0.5-1.2  m 

m  in  most  if  not  all  Utah  counties;  Idaho  to  wide,   more  or  less  sprawling;   larger  joints 

California,    Arizona,    New    Mexico,    and  10-18  cm  long,  7-14  cm  wide,  obovate  to  or- 

Wyoming;    29   (xiii).    This   variety    is    the  bicular,   green   or   glaucous;   areoles   mainly 

counterpart  of  O.  polyacantha  var.  poly-  ^^'^^  '^"^  ^P^''*;  ^P'"^^  ^"  ^";  °^  only  in  the 

acantlia,  with  which  it  hybridizes  wherever  "PPf'  Creoles,   1-6  per  areole    mainly  2-7 

.,                                            ^  cm   long,  spreading  to  derlexed,  straight  or 

L  '  r.  .,.  /XT  .^^  \  rr  r^  ,  curvcd,  tcrctc  to  somewhat  flattened;  glo- 
Opuntta  traPilts  (Nutt.)  Haw.  \Lactus  ,.i  ii  •  u  ^  u  n  e  -7  r 
r  .7.  XT  x->  /-  .1.  I  I  TIT.  chids  yellowish  to  brown;  flowers  5-7.5  cm 
fragihs  Nutt ;  O.  fraphs  var.  denudata  W.e-  ^  sepaloids  greenish;  petaloids  yellow,  the 
gand  &  Backeburg;  O.  brachyarthra  Engelm.  ^ases  sometimes  violet  or  rose-purple;  fruit 
&  Bigel.;  O.  fragilis  var.  brachyarthra  flg^hy,  reddish  or  purplish-red,  armed  with 
(Engelm.  &  Bigel.)  Coult.].  Plants  mat  form-  glochids,  3-6  cm  long;  seeds  3-6  mm  long, 
ing,  mainly  5-10  cm  tall  and  to  5  dm  wide;  tan  or  gray.  Pinyon-juniper  community  (?)  in 
larger  joints  2.5-7  cm  long,  1-4  cm  wide,  Washington  and  San  Juan  counties  (reported 
obovate  to  ovate  or  orbicular  to  elliptic  in  by  Benson  1982);  Nevada,  California,  and 
outline,  blue-green,  often  to  half  as  thick  as  Arizona;  1  (0).  This  plant  can  be  mistaken  for 
wide  or  more,  readily  detached  and  trans-  O.  phaeacantha,  with  which  it  is  at  least  par- 
ported  by  animals;  leaves  caducous;  areoles  tially  sympatric.  Our  material  is  assigned  to 
3-12  mm  apart;  spines  in  most  areoles  or  var.  martiniana  (L.  Benson)  L.  Benson  [O. 
only  in  the  upper  ones  or  sometimes  lacking,  eriocentra  var.  martiniana  L.  Benson]. 
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Opuntia  macrorhiza  Engelm.  [O.  iita- 
hensis  J.  A.  Purpus;  O.  compressa  Macbr.]. 
Plants  mainly  7-15  cm  high  and  2-15  dm 
wide  or  more;  larger  joints  5-12  cm  long, 
5-7.5  cm  wide,  obovate  to  orbicular, 
glaucous;  leaves  caducous;  spines  mainly  in 
upper  areoles,  1-6  per  areole,  commonly  de- 
flexed,  straight  or  slightly  curved,  1.5-5  cm 
long,  terete  or  somewhat  flattened;  glochids 
yellow  to  brown;  flowers  5-6.5  cm  long;  se- 
paloids  greenish  or  reddish;  petaloids  yellow 
or  tinged  reddish  basally;  ovary  smooth  at  an- 
thesis,  with  few  areoles;  fruit  fleshy,  purple 
or  purplish,  with  some  glochids,  2.5-5  cm 
long;  seeds  4-5  mm  long,  tan  or  gray.  Pin- 
yon-juniper  and  mountain  brush  communities 
in  Garfield,  Kane,  Salt  Lake,  San  Juan,  and 
Washington  counties,  the  reports  mainly  by 
Benson  (1982);  Idaho  to  Wisconsin,  south  to 
Mexico,  Texas,  and  Louisiana;  3  (0).  This  is 
mainly  a  plains  species,  with  extensions  into 
Utah  where  some  of  the  reports  might  repre- 
sent recent  introductions.  The  similar  O. 
humifusa  (Raf.)  Raf.  is  reported  for  Utah  on 
the  basis  of  a  collection  from  Utah  County 
(Mason  6570  US),  which  was  taken  from 
along  a  railroad  right-of-way.  It  is  distin- 
guished by  having  green  joints  and  spines  1 
per  areole. 

Opuntia  nicholii  L.  Benson.  Plants  mainly 
15-25  cm  high  and  0.5-2  m  wide  or  more; 
larger  joints  10-20  cm  long  and  5-12  cm 
wide,  narrowly  obovate  to  obovate,  bluish- 
green;  areoles  10-20  mm  apart;  spines  usual- 
ly in  all  areoles,  4-7  per  areole,  deflexed,  of- 
ten twisted  and  curving,   mainly   5-12   cm 


long,  flattened,  some  more  than  1  mm  thick; 
glochids  yellow  or  tan;  flowers  6-7  (8)  cm 
long;  sepaloids  green,  edged  with  purple  or 
yellow;  petaloids  violet  or  yellow;  fruit  dry, 
tan  to  brown,  2.5-3.5  cm  long,  more  or  less 
spiny;  seeds  7-8  mm  long,  whitish.  Salt  desert 
shrub  and  warm  desert  shnib  communities  at 
1200  to  1500  m  in  Garfield,  Kane,  and  San 
Juan  counties  (where  it  grows  along  Glen 
Canyon);  Arizona;  a  Plateau  endemic;  2  (i). 
Evident  intermediates  between  O.  nicholii 
and  both  O.  erinacea  var.  erinacea  and  O. 
phaeacantha  are  known.  Benson  (1982)  pos- 
tulates a  hybrid  origin  for  this  entity,  and 
states  that  it  should  probably  best  be  treated 
at  varietal  rank,  but  with  which  species? 

Opuntia  phaeacantha  Engelm.  Plants 
30-90  cm  high  and  3-15  dm  wide  or  more; 
larger  joints  10-40  cm  long,  7-25  cm  wide, 
obovate  to  suborbicular,  bluish  green;  areoles 
mainly  20-34  mm  apart;  spines  in  most 
areoles  or  restricted  to  upper  ones  or  along 
the  margin,  or  none,  1-9  per  areole,  spread- 
ing or  deflexed,  2-8  cm  long,  flattened  at 
least  basally  in  some;  glochids  brown,  red- 
dish, or  tan;  flowers  6-7.5  cm  long;  sepaloids 
greenish,  edged  yellow  or  red;  petaloids  yel- 
low, or  suffused  with  red  below;  ovary  spine- 
less, but  with  glochids;  fruit  fleshy,  purple  to 
red-purple,  3.5-8  cm  long;  seeds  4-5  mm 
long,  tan  to  gray.  Three  intergrading  vari- 
eties have  been  identified  from  Utah  (Benson 
1982);  their  recognition  at  taxonomic  rank  is 
questionable,  at  least  as  far  as  our  specimens 
are  concerned. 


1.  Larger  joints  10-15  cm  long  and  7-10  cm  wide;  plants  of  Washington  and  San 

Juan  counties O.  phaeacantha  var.  phaeacantha 

—  Larger  joints  12-40  cm  long  and  9-25  cm  wide;  plants  of  various  distribution  2 

2(1).         Joints    mainly    12-20    cm    long    and    9-15    cm    wide;    plants    rather   broadly 
distributed  in  southern  Utah  O.  phaeacantha  var.  major 

—  Joints  mainly  20-40  cm  long  and  15-25  cm  wide;  plants  of  San  Juan  and 
Washington  counties O.  phaeacantha  var.  discata 


Var.  discata  (Griffiths)  Benson  &  Walk- 
ington  [O.  discata  Griffiths].  Warm  desert 
shrub,  pinyon-juniper,  and  sagebrush  commu- 
nities at  905  to  1800  m  in  San  Juan  (White 
Canyon,  associated  with  prehistoric  Indian 
dwellings)  and  Washington  counties;  Califor- 
nia to  Texas  and  Mexico;  3  (ii). 


Var.  major  Engelm.  Warm  desert  shrub, 
pinyon-juniper,  and  mountain  brush  commu- 
nities in  Garfield,  Kane,  San  Juan,  and  Wash- 
ington counties;  Nevada  to  Kansas,  south  to 
California,  Mexico,  and  Texas;  12  (iii).  This  is 
the  common  phase  of  the  species  in  Utah; 
plants  north  of  the  southern  tier  of  counties 
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having  fleshy   fniit   probably   belong   to   O.  violet;   ovary  with  glochids  and  often  with 

macrorhiza,  with  which  transitional  forms  are  spines;  fruit  dry,  2-4  cm  long,  spiny,  tan  or 

known.  brownish,  deciduous;  seeds  3-6  mm  long,  tan 

Van  phaeacantha.  This  variety  is  reported  to   white.   This   species,   along  with   O.   eri- 

by  Benson  (1982)  from  Washington  County;  nacea,  forms  a  plexus  around  which  revolve 

Arizona,  Colorado,  New  Mexico,  Texas,  and  all   other  species  of  subgenus  Opuntia   (the 

Mexico;  0  (0).  platyopuntias)  in  Utah.  Members  of  this  com- 

Opuntia  polyacantha  Haw.  Plants  mainly  ^^^^  f^^^  hybrids  with  O.  fragilis,   O.  eri- 

5-20  cm  high  and  3-30  dm  wide  or  more;  ^^^^^    q    basilaris,  and  O.  phaeacantha. 

larger  joints  5-15  (20)  cm  long  (rarely  longer)  j^^^^^  .^  ^^^^^  ^^^  transitional  to  all  other 

and  4-12  cm  wide,  obovate  to  orbicular,  ,.^^    Diversity  of  form  and  joint  size; 

bluish  green,  not  readily  detached;   areoles  •        i       .i             v                                  ,-■^ 

,   ='^      '                     ^         .               .       ,  spme    length,    number,    size,    cross-sectional 

mainly  5-15  mm  apart;   spines  variously  ,                ?      i       n             •           j       i            j 

,          ^                     11          1           1     1  •          r..  shape,  and  color;  flower  size  and  color;  and 

borne  in  some  or  all  areoles  or  lacking,  often  ,         r                   •        .    ,.       .            r 

cm                 1                  1              i-j/ii          4-  other    features    give    indications    of    genetic 

6-10  per  areole,  variously  oriented  (all  erect  i  rr             i                             i     •     i 

J-  „        ^^^  ^^  „n  A^n^^^A\   o^ro,vrUt  variability,  differential  response  to  ecological 

or  spreading  or  some  or  all  deflexed),  straight  -"                   i  i           r 

or  curved,  terete  (or  somewhat  flattened);  situations,  and  of  problems  of  interpretation, 
glochids  yellowish  or  tan;  flowers  5-8  cm  Four  varieties  from  Utah  are  treated  by  Ben- 
long;  sepaloids  green,  margined  with  yellow  son  (1982);  they  are  more  or  less  sympatric 
or  red;  petaloids  yellow,  bronze,  or  pink  to  and  intergrading. 

1.  Spines  slender,  flexible  and  curving,  often  whitish;  plants  of  Grand  and  San 

Juan  counties  O.  polyacantha  var.  trichophora 

—  Spines  slender  to  coarse,  not  flexible  (penetrating  the  skin  before  collapsing), 
mostly  straight,  or  sometimes  lacking;  plants  of  various  distribution  2 

2(1).         Spines  mainly  in  upper  areoles;  fruits  sparingly  spiny;  plants  mainly  of  the 

eastern  tier  of  counties O.  polyacantha  var.  juniperina 

—  Spines  in  most  areoles,  or  if  less  abundant  or  lacking  in  the  lower  ones  then 
often  of  other  distribution;  fruits  often  spiny  3 

3(2).         Spines  in  lower  areoles  mainly  less  than  12  mm  long,  those  of  upper  areoles 

mainly  less  than  4  cm  long,  or  spines  lacking  O.  polyacantha  var.  polyacantha 

—  Spines  in  lower  areoles  mainly  over  12  mm  long,  those  of  upper  areoles  often 
over  4  cm  long  O.  polyacantha  var.  rufispina 

Var.  juniperina  (Britt.  &  Rose)  L.  Benson  to  Nevada,  New  Mexico,  and  Oklahoma;  36 

[O.  juniperina  Britt.  &  Rose].  Desert  shrub  (iv).  This  variety  is  transitional  with  the  for- 

and  pinyon-juniper  communities  at  ca  1400  mer  and  the  next. 

to  2000  m  in  Grand,  San  Juan,  and  Uintah  Var.  rufispina  (Engelm.  &  Bigel.)  L.  Ben- 
counties;  Wyoming  to  Colorado,  New  Mexi-  son  [O.  missouriensis  var.  rufispina  Engelm. 
CO,  and  Arizona;  3  (i).  As  far  as  specimens  &  Bigel.].  Blackbnish,  mixed  desert  shrub, 
from  Utah  are  concerned  this  taxon  could  and  pinyon-juniper  communities  at  1370  to 
pass  imder  var.  polyacantha  without  adding  2200  m  in  Carbon,  Emery,  Garfield,  Grand, 
much  to  the  variation  of  the  expanded  typi-  Kane,  Millard,  San  Juan,  Washington,  and 
cal  variety.  The  coarser  spines  in  fewer  up-  Wayne  counties;  Wyoming  to  Nevada  and 
per  areoles  have  been  considered  as  California,  south  to  Arizona  and  Texas;  21 
definitive.  (iii)-  This  assemblage  seems  not  to  represent 

Var.  polyacantha  [O.  polyacantha  var.  plants  with  genetic  affinities.  Rather  the 
watsonii  Coult.,  type  presumably  from  Sum-  specimens  appear  to  be  artiflcial  aggrega- 
mit  County].  Salt  Desert  shrub,  mixed  desert  tions  of  phenotypically  similar  individuals, 
shrub,  pinyon-juniper,  sagebrush,  mountain  The  use  of  spine  characteristics  as  diagnostic 
brush,  mixed  conifer,  and  aspen  communities  results  in  a  dilemma;  the  assemblage  thus  de- 
af 1370  to  2565  m  in  probably  all  Utah  coun-  fined  should  be  allied  genetically  to  be  recog- 
ties;  British  Columbia  to  Saskatchewan,  south  nized  at  a  taxonomic  level,  but  the  deflnition 
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is  faulty.  Tlius,  those  plants  of  the  Colorado  bercles  8-9  mm  long,  3-5  mm  wide;  leaves 

drainage  system  show  evidence  of  derivation  caducous;   spines  4-10  or  more   per  areole, 

from  hybridization  with  O.  erinacea;  the  straight,  mainly  0.6-3  cm  long,  subulate  to 

plants  of  the  Great  Basin  do  not.  flattened;  glochids  yellow  to  tan  or  whitish; 

Var.    trichophora    (Engelm.    &    Bigel.)  flowers  2-4  cm  long;  sepaloids  and  petaloids 

Coult.   [O.   missouriensis  var.   trichophora  yellowish  or  yellowish  green;  fruit  fleshy,  2-3 

Engelm.  &  Bigel.].  Desert  shrub  and  pinyon-  cm  long,  yellow,  glochidiate;  seeds  2.5-3  mm 

juniper  communities  at   1125  to   1250  m  in  long,  tan.  Desert  shrub-grass  and  pinyon-juni- 

Grand,  Kane,  and  San  Juan  counties;  Colo-  per  communities  at  1340  to  1895  m  in  Bea- 

rado,  Arizona,  and  New  Mexico,  Oklahoma,  ver.    Iron,    Kane,    Millard,   and   Washington 

and  Texas;  6  (iv).  counties;    Nevada,    Colorado,    Arizona,    and 

Opuntia  pulchella  Engelm.  Sand  Cholla.  New  Mexico;  15  (x).  Our  material  belongs  to 
Plants  mainly  3-10  cm  tall  and  about  as  var.  whipplei.  Specimens  with  short  terminal 
broad,  arising  from  an  areolate  glochid-  joints  have  been  regarded  tentatively  as  var. 
armed  tuberous  joint  2-7  cm  thick  or  more;  multigeniculata,  but  they  fit  in  a  graded 
joints  mainly  1-5  cm  long  and  0.6-1.5  (2)  cm  series  with  O.  whipplei  in  a  strict  sense, 
thick,  clavate  to  cylindric,  green  or  blue-  Dwarf  plants  at  the  limits  of  their  ecological 
green;  tubercles  5-9  mm  long  and  4-5  mm  tolerance  seem  to  represent  a  "cactus-line," 
wide;  areoles  spineless  or  with  the  upper  corresponding  to  the  dwarf  conifers  at  "tim- 
mainly  spiniferous,  8-15  per  areole,  straight  berline."  This  seems  to  be  the  case  with  O. 
or  curved,  1-3.5  cm  long  or  more,  strongly  whipplei  at  the  northern  margin  of  its  distri- 
flattened,  the  epidermal  sheath  not  at  all  or  bution  in  southwestern  Millard  County.  A 
poorly  developed;  glochids  yellow  to  brown;  taxon  represents  the  sum  of  its  character- 
flowers  3-4.5  cm  long;  sepaloids  green,  mar-  istics,  not  merely  those  considered  to  be  diag- 
gined  with  pink-purple;  petaloids  purple  to  nostic.  O.  multigeniculata  Clokey  is  evidently 
violet;  fruit  2-3  cm  long,  fleshy,  red,  promi-  restricted  to  the  Spring  (Charleston)  Moun- 
nently  areolate  and  spiny;  seeds  3-4.5  mm  tains  and  vicinity  in  southern  Nevada, 
long,  whitish.   Salt  and  mixed  desert  shrub 

commimities  at  1430  to  1-770  m  in  Juab,  Mil-  Pediocactus  Britt.  &  Rose 
lard,  and  Tooele  counties;  Nevada;  a  Great 

Basin  endemic;  8  (iv).  This  taxon  was  named  Plants  globose  to  depressed-hemispheric, 
three  times  from  Utah,  all  of  the  names  based  solitary;  tubercles  spirally  arranged;  areoles 
on  types  taken  from  the  Desert  Experimental  woolly,  at  least  when  young,  with  spines  vari- 
Range  in  western  Millard  County,  i.e..  Micro-  ous  but  not  hooked;  flowers  subterminal, 
puntia  brachyropalia  Daston,  M.  barkleyana  borne  at  one  side  of  the  areole  at  the  tubercle 
Daston,  and  M.  spectatissitna  Daston.  All  are  apex,  small;  sepaloids  shorter  than  the  pet- 
characteristic  of  the  species  as  it  occurs  in  aloids;  fruit  dry,  green,  becoming  tan  to 
Utah,  and  none  are  worthy  of  taxonomic  brownish  or  yellowish,  naked  or  scaly,  dehisc- 
consideration.  ing  by  a  vertical  slit;  seeds  black  tuberculate. 

Opuntia  whipplei  Engelm.  &  Bigel.  Plants  Heil,  K.,  B.  Armstrong,  and  D.  Schleser. 

low  shrubs  or  less  commonly  mat-forming,  1981.   A  review  of  the  genus  Pedio- 

mainly  10-60  cm  tall  or  more;  larger  joints  cactus.  Cactus  &  Succ.  J.  (U.S.)  53: 

2-15  cm  long  and  1-2  (2.5)  cm  thick;  tu-  17-39. 

1.  Central  spines  1-7,  6-30  mm  long  or  more 2 

—  Central  spines  lacking,  the  longest  lateral  spines  mainly  less  than  6  mm  long 3 

2(1).         Longest  spines   mainly    12-25   mm  long;   sepaloids  long-fimbriate;   plants  known 

only  from  gypsiferous  substrates  in  Washington  and  Kane  counties  P.  sileri 

—  Longest  spines  mainly  6-12  mm  long;  sepaloids  subentire  or  shortly  fimbriate; 
plants  broadly  distributed,  seldom  as  above  P.  simpsonii 

3(1).  Longest  spines  4  mm  long  or  less,  white,  or  lacking,  often  obscured  by  a  dense 
mat  of  persistent  white  hairs;  flowers  peach  to  pink;  plants  of  western  Wayne 
County P.  winkleri 


66 


Great  Basin  Naturalist 


Vol.  44,  No.  1 


Longest  spines  more  than  4  mm  long,  pale  yellowish,  not  obscured  by  hairs, 
the  woolly  hairs  pale  yellowish  and  caducous;  flowers  yellow  to  bronze  or 
peach;  plants  of  north  central  Emery  County P.  despainii 


Pediocactus  despainii  Welsh  &  Goodrich 

Plants  solitary  or  less  commonly  colonial, 
subglobose  to  depressed-hemispheric,  3.8-6 
cm  tall,  3-9.5  cm  wide;  tubercles  6-10  mm 
long,  5-11  mm  wide;  areoles  elliptic,  per- 
sistently white-woolly,  the  central  spines 
lacking;  radial  spines  9-13,  1.7-6  mm  long, 
pale  yellowish;  flowers  1.5-2.5  cm  long, 
1.8-2.5  cm  wide;  petaloids  yellow-bronze  to 
bronze  or  pinkish;  fruit  green,  drying  reddish 
brown,  smooth,  obovoid,  9-11  mm  long, 
10-12  mm  wide;  seeds  shiny  black,  papillate 
to  ridged,  3-3.5  mm  long.  Open  pinyon-juni- 
per  community  on  limestone  gravels  at  ca 
1830  m  in  Emery  County;  endemic;  5  (0). 

Pediocactus  sileri  (Engelm.)  L.  Benson 
Gypsum  Cactus.  [Echinocactus  sileri  Engelm. 
in  Coult.;  Utahia  sileri  (Engelm.)  Britt.  & 
Rose].  Plants  solitary  (less  commonly  colo- 
nial), depressed-hemispheric  to  cylindroid, 
5-25  cm  high,  6-12  cm  wide;  tubercles  9-15 
mm  long,  6-11  mm  wide;  areoles  circular, 
persistently  white-woolly;  central  spines  3-7, 
13-30  mm  long,  blackish  brown  when  young, 
straight;  radial  spines  11-15,  11-21  mm  long, 
white;  flowers  18-22  mm  long,  20-30  mm 
wide;  petaloids  yellow  or  yellowish  with 
purple  veins;  sepaloids  conspicuously  fringed; 
fruit  dry,  greenish  yellow,  1.2-1.5  cm  long; 
seeds  gray  to  black,  3.5-5  mm  long.  Salt 
desert  shrub  community  at  ca  900  to  1590  m 
in  Kane  and  Washington  counties;  Arizona;  a 
Plateau  endemic;  1  (i).  The  type  locality  for 
this  remarkable  species  is  Pipe  Springs,  Ari- 
zona, but  those  springs  were  thought  by  early 
collectors  to  be  in  Utah,  hence  the  name 
Utahia,  which  commemorates  an  Arizona 
type. 

Pediocactus  simpsonii  (Engelm.)  Britt.  & 
Rose  [Echinocactus  simpsonii  Engelm.;  P. 
hennannii  W.  T.  Marshall,  type  from  near 
Hatch;  E.  simpsonii  var.  minor  Engelm.;  P. 
simpsonii  var.  minor  (Engelm.)  Cockerell]. 
Stems  solitary  or  colonial,  depressed-hemis- 
pheric to  subglobose,  2-15  cm  high,  3-20  cm 
wide  (or  more);  tubercles  5-25  mm  long,  4-7 
mm  wide;  areoles  elliptic  to  subcircular;  cen- 
tral spines  (1-3)  4-10,  mainly  5-25  mm  long, 
brownish   or  blackish;    radial   spines   mainly 


10-25,  white;  flowers  1.2-3  cm  long;  pet- 
aloids whitish,  pinkish,  yellowish  or  greenish; 
sepaloids  shortly  fimbriate;  fruit  green,  often 
turning  reddish  brown,  with  few  scales,  6-11 
mm  long,  5-10  mm  wide;  seeds  gray  to  black, 
tuberculate,  2-3  mm  long.  Shadscale,  mixed 
desert  shrub,  pinyon-juniper,  sagebrush,  and 
Douglas  fir  communities  at  1460  to  2830  m 
in  Beaver,  Box  Elder,  Carbon,  Duchesne, 
Emery,  Garfield,  Grand,  Juab,  Piute,  San 
Juan,  Sevier,  Tooele,  Utah,  Washington,  and 
Wayne  counties;  Washington  to  Wyoming, 
south  to  Nevada,  Arizona,  and  New  Mexico; 
26  (viii).  Segregation  of  this  common  species 
of  cactus  into  varieties  seems  not  to  be  prac- 
tical or  even  possible  for  Utah  materials. 
Ridge  tops  in  some  south  central  mountains 
and  plateaus  support  one  to  several  plants 
per  square  foot,  mainly  flush  with  the  ground 
surface. 

Pediocactus  winkleri  Heil.  Plants  solitary 
or  sometimes  colonial,  3.9-6.8  cm  tall,  2.7-5 
cm  wide;  tubercles  4-7  mm  long,  5-7  mm 
wide;  areoles  elliptic,  persistently  white- 
woolly;  central  spines  lacking;  radial  spines 
8-14,  1.5-4  mm  long,  white;  flowers  1.7-2.2 
cm  long,  1.7-3  cm  wide;  petaloids  peach  to 
pink;  sepaloids  like  the  petaloids,  except  the 
outer  darker;  fruit  green,  drying  reddish 
brown,  smooth,  obovoid,  7-10  mm  long,  8-11 
mm  wide;  seeds  shiny  black,  papillate  to 
ribbed,  2.5-3  mm  long.  Salt  desert  shrub 
communities  at  1460  to  1590  m  in  Wayne 
Co.;  endemic;  5  (0).  This  is  a  remarkable  tiny 
plant  of  poor  quality,  saline,  fine-textured 
substrates. 

ScLEROCACTus  Britt.  &  Rose 

Plants  subglobose,  depressed-hemispheric, 
ovoid,  obovoid,  or  cylindroid;  ribs  8-17;  tu- 
bercles coalescent;  areoles  circular  to  elliptic; 
central  spines  0  or  1-10,  usually  1  or  more 
hooked,  or  all  straight;  radial  spines  2-15, 
straight;  flowers  subterminal,  borne  on  upper 
side  of  tubercle  adjacent  to  the  areole,  the 
scar  persisting;  floral  tube  short;  petaloids 
pink  to  violet,  white,  or  yellow;  fruit  dry, 
green  turning  reddish  to  tan,  naked  or  with 
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scales,  dehiscent  by  basal  and  horizontal  or  genus  is  subject  to  interpretation  because  of 
lateral  and  vertical  slits;  seeds  black,  papil-  the  remarkable  diversity  of  form  present  in 
late-reticulate.  Note:  The  taxonomy  of  this      each  of  the  species  complexes. 

1.  Plants  depressed-hemispheric  to  subglobose;  areoles  retaining  juvenile 
pubescent  radial  spines  for  some  years,  finally  with  1  or  2  hooked  central 
spines;  plants  of  the  Great  Basin S.  pubispinus 

—  Plants  variously  shaped,  but  if  as  above  and  with  areoles  retaining  juvenile 
radial  spines  for  several  years,  then  the  spines  glabrous  and  plants  not  of  the 
Great  Basin 2 

2(1).  Flowers  mostly  2-3  cm  long  and  broad;  yellowish,  pink,  or  white  with  pale 
pink  midrib  dorsally;  juvenile  condition  retained  for  several  years;  plants  of 
Emery  and  Wayne  counties  S.  wrightiae 

—  Flowers  mostly  3.5-5  cm  long  and  broad,  rose  pink  to  violet,  white,  or  yellow; 
plants  of  broad  distribution  in  eastern  Utah S.  whipplei 

Sclerocactus  pubispinus  (Engelm.)  L.  Ben-  latter  was  taken  in  the  Dugway  or  Thomas 
son  [Echinocactus  pubispinus  Engelm.].  ranges  in  central  northern  Juab  Gounty.  Both 
Plants  solitary  or  sometimes  colonial,  de-  remained  obscure  for  almost  a  century,  with 
pressed-hemispheric  to  ovoid,  1-10  cm  high,  S.  pubispinus  being  ignored  and  var.  spin- 
2-15  cm  wide;  ribs  6-13;  tubercles  more  or  osior  being  placed  with  S.  whipplei  and  inter- 
less  developed;  areoles  circular  to  elliptic;  preted  as  including  what  now  belongs  in  var. 
juvenile  spines  and  often  the  others  (in  part)  intermedius  of  that  species  (sensu  stricto, 
densely  or  sparingly  white-pubescent,  finally  which  it  resembles  in  its  broad  upper  central 
glabrate;  central  spines  lacking  or  1-5,  the  spines).  The  type  of  S.  pubispinus  is  a  juve- 
lower  one  often  hooked,  1-3  cm  long,  the  up-  nile  plant  lacking  both  flowers  and  fruit;  that 
per  one  flattened,  5-35  mm  long,  0.7-2.2  mm  of  var.  spinosior  consists  of  flowers  and  seeds, 
wide;  radial  spines  5-12,  spreading;  flowers  Modern  interpretations  are  based  on  inter- 
2.5-3.5  cm  long;  sepaloids  bronze  to  brown-  polations  of  presumed  collection  localities 
ish;  petaloids  yellow,  bronze,  pink,  or  violet  with  known  modern  occurrences  of  these 
to  rose-purple;  fruit  dry,  green  or  pink  be-  dwarf  cacti.  In  a  way  these  peculiar  cacti 
coming  tan  to  brownish,  ellipsoid  to  obovoid,  share  characteristics  of  S.  polyancistrus 
opening  by  vertical  slits;  seeds  2.8-3.4  mm  (Engelm.  &  Bigel.)  Britt.  &  Rose  of  southern 
long,  papillate,  black.  This  species  was  Nevada  (pubescent  spines  and  the  tendency 
named  simultaneously  in  1863  as  Echino-  to  flattened  upper  central  spine)  and  with  S. 
cactus  pubispinus  and  as  E.  whipplei  var.  whipplei  (the  flattened  upper  central  spine). 
spinosior.  The  type  of  the  former  was  taken  The  smaller  flowers  and  depressed  growth 
in  Pleasant  Valley,  Juab  County,  Utah,  or  in  form  are  diagnostic  from  both.  There  are  two 
adjacent  White  Pine  County,  Nevada  (the  intergrading  and  partially  sympatric  varieties 
boundary  bisects  the  valley),  and  that  of  the  present. 

1.  Flowers  rose  to  violet;  widest  upper  central  spines  1-2.2  mm  wide  

S.  pubispinus  var.  spinosior 

Flowers  bronze  to  yellow;  widest  upper  central  spines  0.7-1  mm  wide  

S.  pubispinus  var.  pubispinus 


Var.  pubispinus  Shadscale,  sagebrush,  win- 
terfat,  rabbitbrush,  and  pinyon-juniper  com- 
munities on  calcareous  and  dolomitic  gravels 
and  outcrops  at  1800  to  1955  m  in  Beaver, 
Box  Elder,  Iron,  Juab,  Millard,  and  Tooele 
counties;  Nevada;  a  Great  Basin  endemic;  13 
(vi). 


Var.  spinosior  (Engelm.)  Welsh  comb, 
nov.  [based  on:  Echinocactus  whipplei  var. 
spinosior  Engelm.  Trans.  Acad.  Sci.  St.  Louis 
2:  199.  1863;  S.  spinosior  (Engelm.)  Woodruff 
&  Benson].  Shadscale,  rabbitbrush,  sagebrush, 
and  pinyon-juniper  communities  on  cal- 
careous and  igneous  gravels  and  clay  silts  at 
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1525  to  1985  m  in  Beaver,  Juab,  Millard,  and 
Sevier  counties;  Arizona  (?);  15  (xi).  The 
range  of  this  variety  is  partially  sympatric 
with  var.  pubispinus  in  western  Beaver 
County  and  intermediates  are  known.  The 
population  from  Sevier  County  differs  in 
subtle  ways  from  the  remainder  of  the  taxon, 
but  does  not  seem  to  be  worthy  of  taxonomic 
rank. 

Sclerocactus  whipplei  (Engelm.)  Britt.  & 
Rose  [Echinocactiis  whipplei  Engelm.  &  Bi- 
gel.].  Plants  solitary  or  in  small  colonies,  de- 
pressed-hemispheric, obovoid,  ovoid,  or  cy- 
lindric,  5-35  cm  tall  or  more,  5-15  cm  thick; 
ribs  mainly  8-15,  tuberculate;  central  spines 


1-4,  the  lower  one  (sometimes  2-4)  hooked 
or  all  straight,  mainly  1-7.5  cm  long,  curved 
or  some  or  all  of  them  straight,  the  upper 
central  spine  (at  least)  usually  pale  and  flat- 
tened to  flat  and  ribbonlike,  1-5  cm  long  or 
more,  0.7-3.5  mm  wide,  erect;  radial  spines 
7-12  or  more;  flowers  3.5-5  cm  long;  sepal- 
oids  greenish,  margined  with  rose  purple, 
pink,  white,  or  yellow;  petaloids  pink,  violet, 
white,  or  yellow;  fruit  dry,  green,  becoming 
tan,  sparingly  scaly,  1.2-2.5  cm  long;  seeds 
2-3.4  mm  long,  black,  papillate.  Two  inter- 
grading  varieties  are  recognizable  among  our 
Utah  materials. 


1.  Central  spines  all  straight  or  essentially  so;  plants  commonly  of  terrace  gravels 

at  lower  elevations  in  the  Uinta  Basin  and  rarely  elsewhere 

S.  ivhipplei  var.  glaucxis 

Central  spines  hooked,  at  least  the  lowermost;  plants  of  broad  distribution, 
transitional  to  the  above  in  the  Uinta  Basin S.  whipplei  var.  roseus 


Var.  glaucus  (J.  A.  Purpus)  Welsh  comb, 
nov.  [based  on:  Echinocactus  glaucus  J.  A. 
Purpus  ex  K.  Schum.  Gesamtb.  Kakteen.  438. 
1898].  Salt  desert  shrub  and  shrub-grass  com- 
munities on  terrace  gravels  and  less  com- 
monly on  clays  of  the  Uinta  Formation  at  ca 
1430  to  1770  m  in  Duchesne  and  Uintah  (and 
San  Juan?)  counties;  Colorado;  17  (ix).  Plants 
with  straight  spines  have  long  been  known, 
and  have  been  recognized  as  belonging  to 
this  genus.  Their  status  has  been  open  to 
question,  because  they  differ  in  no  other  dis- 
cernible way  from  the  body  of  the  species. 
Also,  there  is  a  question  as  to  whether  all  of 
the  straight-spined  plants  in  Utah  (e.  g., 
Welsh  et  al.  21187  BRY)  and  in  central  west- 
em  Colorado  constitute  "a  taxon."  Instead, 
could  they  not  be  merely  similarly  derived 
evolutionary  end  lines  arrived  at  quite  inde- 
pendently? The  intergradation  of  the  Utah 
materials  with  the  species  suggests  such  a  der- 
ivation, and  the  Uinta  Basin  material  might 
be  more  closely  allied  to  the  adjacent  popu- 
lations with  hooked  spines  than  to  those  in 
Colorado  with  straight  spines.  Possibly  they 
are  not  more  important  taxonomically  than 
spineless  phases  of  other  plants  scattered 
through  spined  taxa  elsewhere  in  the  Cac- 
taceae.  A  peculiar  phase  from  the  Pariette 
Draw  region  of  southeastern  Duchesne  Coun- 
ty has  a  long  juvenile  stage,  with  the  initial 


central  spines  very  short  (to  2  mm  long)  and 
hooked  or  straight.  It  does  not  seem  to  war- 
rant taxonomic  recognition. 

Var.  roseus  (Clover)  L.  Benson  [S.  havasu- 
paiensis  var.  roseus  Clover;  S.  interrnedius 
Peebles,  type  from  Pipe  Springs,  Arizona;  S. 
whipplei  var.  intermedins  (Peebles)  L.  Ben- 
son; S.  parviflorus  var.  intermedins  (Peebles) 
Woodruff  &  Benson;  S.  parviflorus  Clover  & 
Jotter,  type  from  Forbidding  Canyon;  S.  con- 
tortiis  Heil,  type  from  eastern  Wayne  Coun- 
ty; S.  terrae-canijonae  Heil,  type  from  Tra- 
chyte Wash].  Some  tiny  juvenile  plants  have 
pubescent  spines,  but  the  juvenile  stage  is  ap- 
parently arrested  in  most  portions  of  this  va- 
riety. Salt  and  mixed  desert  shrvib,  pinyon- 
juniper,  sagebnish,  and  ponderosa  pine  com- 
munities at  1125  to  2440  m  in  Carbon,  Du- 
chesne, Emery,  Garfield,  Grand,  San  Juan, 
Sevier,  Uintah,  and  Wayne  counties;  Colo- 
rado, New  Mexico,  Arizona,  and  Nevada;  102 
(xiv).  This  variety  is  almost  as  variable  as  the 
species  itself.  It  has  been  treated  previously 
at  specific  rank  (as  three  separate  species) 
and  as  consisting  of  two  varieties.  With  the 
degree  of  variability  exhibited,  it  is  not  sur- 
prising that  so  many  divergent  views  should 
have  developed;  it  is  surprising  that  even 
more  segregation  was  not  attempted.  S.  con- 
tortus  is  a  slender-spined  phase  in  which  the 
spines  are  contorted,  a  condition  that  seems 
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to  be  unworthy  of  consideration  from  a  tax- 
onomic  standpoint.  S.  terrae-canyonae  ap- 
pears to  be  more  substantially  based,  with  its 
long  slender  spines  and  yellow  flowers.  There 
is  little  correlation,  however,  between  flower 
color  and  spine  length.  Long-spined  phases 
are  more  common  in  the  southeastern  por- 
tion of  Utah,  but  the  flowers  of  the  long- 
spined  phases  are  mainly  pink  to  violet.  The 
var.  intermedins  is  more  difficult  to  discount. 
In  the  extreme  situations  that  variety  has  the 
uppennost  central  spine  flattened  and  rib- 
bonlike, commonly  1-3.5  mm  wide  at  the 
base,  with  var.  roseus  (or  S.  porviflonis  per 
se)  having  the  uppermost  spine  merely  flat- 
tened and  mainly  0.7-1  mm  wide.  There  are 
as  many  intermediates  as  there  are  extremes, 
and,  imtil  other  diagnostic  criteria  are  identi- 
fied, it  seems  best  to  include  all  of  the  tre- 
mendous range  of  variation  within  an  ex- 
panded var.  roseus  of  S.  whipplei. 

Sclerocactus  wrightiae  L.  Benson.  Plants 
depressed-hemispheric  to  obovoid  or  short- 
cylindric,  mainly  6-12  cm  long  and  4-8  cm 


thick;  ribs  mostly  8-13;  tubercles  more  or 
less  developed;  areoles  circular  to  elliptic; 
juvenile  spines  glabrous;  central  spines  1-4, 
the  lower  one  often  hooked  on  at  least  the 
upper  tubercles,  mostly  10-20  mm  long,  the 
uppermost  1-2.5  cm  long,  flattened,  0.8-1.5 
mm  wide;  radial  spines  8-11,  spreading; 
flowers  2-3.5  cm  long;  sepaloids  green  or 
variously  tinged  with  red  or  brown;  petaloids 
yellowish  to  white  or  pink;  fruit  ellipsoid, 
9-12  mm  long;  seeds  black,  tuberculate, 
3-3.5  mm  long.  Salt  desert  shrub  and  shrub- 
grass  to  juniper  communities  at  1460  to  1865 
m  on  Mancos  Shale  (Bluegate,  Tununk, 
Emery,  and  Ferron  members),  Dakota,  Mor- 
rison, Summerville,  and  Entrada  formations 
in  Emery  and  Wayne  counties;  endemic;  14 
(iii).  The  small  flowers  and  short  spines  are 
evidently  diagnostic.  Occasional  inter- 
mediates with  S.  ivhipplei  var.  roseus  occur  in 
Emery  County  near  the  Sevier  County  line— 
at  edaphic  ecotones  marking  the  boundary 
between  shale  and  sandstone  members  of  the 
Mancos  Shale  Formation. 


AUTUMN  AND  WINTER  FOOD  HABITS 
OF  BOBCATS  IN  WASHINGTON  STATE' 

Steven  T.  Knick',  Steven  J.  Sweeney',  J.  Richard  Alldredge',  and  J.  David  Brittell" 

Abstract.—  The  stomach  contents  were  examined  from  324  western  Washington  bobcats  {Felis  rtiftis)  and  123 
from  eastern  Washington  taken  by  hunters  from  1976  through  1980,  for  major  prey  items  as  well  as  sex-  and  age-re- 
lated differences  in  diet.  Western  Washington  bobcats  ate  primarily  mountain  beavers  [Aplodontia  rtifa)  (42%  occur- 
rence) and  snowshoe  hares  (Leptis  americanti.s)  (26%).  Within  that  population  females  ate  larger  quantities  of  smaller 
prey  such  as  douglas  squirrels  (Tamiascitinis  douglasi)  and  lesser  amounts  of  deer  (Odocoiletis  sp.)  than  males.  Bobcat 
diets  in  eastern  Washington  were  more  diverse;  main  foods  consisted  of  lagomorphs  (Sylvilagus  mittallii,  Leptis  sp.) 
(20%),  red  squirrels  {Tamiaschirus  htidsonictis)  (15%),  deer  (11%),  and  voles  {Microtus  sp.)  (11%).  Age-related  differ- 
ences were  most  prevalent  in  this  population,  with  adults  consuming  larger  quantities  of  deer  and  larger  prey  than 
did  kittens. 


Food  habits,  the  most  widely  studied  as- 
pect of  bobcat  {Felis  rufus)  biology,  are 
known  for  most  of  the  range  for  this  species. 
Earlier  studies  of  bobcat  food  habits  were 
concerned  primarily  with  prey  identification 
and  the  impact  of  predation  on  game  species 
(Marston  1942,  Pollack  1951,  Erickson  1955, 
Progulske  1955,  Gashwiler  et  al.  1960,  Petra- 
borg  and  Gunvalson  1962).  Only  recently 
have  investigators  considered  differences  in 
diet  related  to  sex  and  age  (Fritts  and  Sea- 
lander  1978,  Toweill  1983).  Differential  ex- 
ploitation of  prey  resources  should  benefit 
species  such  as  the  bobcat,  in  which  there  is 
sexual  dimorphism  in  body  size  (Selander 
1966)  and  the  female  raises  the  young  alone 
(Ewer  1968).  Age-related  differences  in  diet 
also  may  occur  in  young  solitary  carnivores 
whose  hunting  capabilities  may  not  be  fully 
developed. 

This  paper  reports  bobcat  food  habits  in 
Washington  state  from  1976  through  1980. 
Important  prey  items,  as  well  as  differences 
in  diet  related  to  sex  and  age,  are  discussed. 
Two  geographically  distinct  populations  with 
separate  faunas  occur  in  the  state:  Felis 
(Lynx)  rufus  fasciatus  occurs  west  of  the  Cas- 
cade Mountain  crest   (western   Washington) 


and  F.  r.  pallescens  is  found  east  of  this  divide 
(eastern  Washington)  (Hall  and  Kelson  1959). 

Methods 

Bobcat  carcasses  were  collected  from  hunt- 
ers by  Washington  Department  of  Game  per- 
sonnel between  October  and  March  (legal 
hunting  seasons)  from  1976  through  1979  in 
western  Washington,  and  from  1976  through 
1980  in  eastern  Washington.  Stomach  con- 
tents were  washed  in  a  fine  mesh  sieve, 
drained  and  separated  (Korschgen  1971). 
Food  items  were  identified  to  genus,  and  to 
species  when  possible,  by  diagnostic  bones  or 
hair,  or  in  a  few  cases  by  hair  impression 
(Moore  et  al.  1974).  Percent  occurrence 
(number  of  occurrences  of  a  species/ total 
number  of  stomachs  X  100)  and  relative 
weight  (total  weight  of  a  species/ total  weight 
of  all  species  X  100)  were  determined  for 
each  food  item. 

Bobcat  ages  were  determined  by  covmting 
cementum  annuli  in  the  canine  root  tip 
(Crowe  1972).  Bobcats  with  an  open  root 
canal  or  lacking  permanent  dentition  were 
aged  as  kittens  (<1  year  old)  (Crowe  1975); 
other  age  categories  were  yearling  (1-2  years 
old)  and  adult  (>2y2  years  old). 
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Western  and  eastern  Washington  popu- 
lations were  treated  separately  in  the  analy- 
ses of  specific  food  items  but  were  compared 
with  respect  to  total  stomach  content  weights 
and  number  of  empty  stomachs.  The  relative 
weights  of  food  items  were  analyzed  with 
two-way  multivariate  analyses  of  variance 
(ANOV)  (Morrison  1976).  This  multivariate 
investigation  of  sex  and  age  effects  was  sup- 
plemented by  univariate  ANOV  on  relative 
weight  and  percent  occurrence  of  each  food 
item  and  by  using  Fisher's  protected  Isd  pro- 
cedure (Steele  and  Torrie  1980)  where  neces- 
sary to  determine  pairwise  differences.  Be- 
cause of  the  large  variation  involved,  we  used 
a  significance  level  of  p<0.10.  We  combined 
data  across  years  within  populations  since 
there  was  no  variation  in  proportions. 

Results 

Mountain  beavers  {Aplodontia  nifa)  and 
snowshoe  hares  {Lepus  americanus)  were  the 
primary  food  items  found  in  324  western 
Washington  bobcat  stomachs  (Table  1);  to- 
gether they  occurred  in  68%  of  the  stomachs 
and  constituted  83%  of  the  total  prey  weight 
consumed.  Mammalian  prey  were  found  in 
96%  of  the  nonempty  western  Washington 
stomachs  and  accounted  for  98%  of  the  total 
prey  weight  consumed. 

Food  habits  of  eastern  Washington  bobcats 
were  more  diverse  than  bobcats  in  western 
Washington  (Table  2).  The  primary  food 
items  were  lagomorphs  (Sylvilagus  nuttallii, 
Lepus  townsendii,  and  L.  calif ornicus),  red 
squirrels  {Tamiasciiiriis  hudsoniciis),  deer 
{Odocoileus  hemionus  and  O.  virginianus), 
and  Microtus  sp.  These  four  prey  categories 
were  found  in  57%  of  the  eastern  Washington 
bobcat  stomachs  and  composed  73%  of  the 
total  prey  weight.  Mammals  were  eaten  80% 
of  the  time  and  accounted  for  85%  of  the 
prey  weight  consumed. 

Stomachs  of  eastern  Washington  bobcats 
were  empty  more  often  than  western  Wash- 
ington specimens  (p<0.10);  the  average 
weight  of  stomach  contents  in  eastern  Wash- 
ington (empty  stomachs  excluded)  was  less 
than  that  of  western  Washington  bobcats 
(p<0.02)  (Table  3).  In  western  Washington, 
the  average  weight  of  stomach  contents  of 
males     was     greater     than     for     females 


(p< 0.004).  Stomach  content  weights  differed 
between  adults  and  kittens  (p<0.07);  no  dif- 
ference was  found  between  yearlings  and 
adults  or  kittens.  In  eastern  Washington,  no 
significant  age  or  sex  differences  were  found 
in  average  stomach  content  weights.  We  ob- 
tained these  same  results  for  both  populations 
when  all  stomachs  (empty  and  nonempty) 
were  considered. 

For  western  Washington  bobcats,  the  rela- 
tive weight  of  prey  remains  differed  between 
male  (n=174)  and  female  (n=139)  bobcats 
(p<0.02).  Thus,  male  stomachs  averaged  7.1 
±  25.2  g  (x  ±  SD)  of  deer  and  5.1  ±  20.9  g 
of  other  mammals  compared  to  1.0  ±  6.8  g 
and  0.7  ±  8.5  g  for  females,  respectively 
(p<  0.008;  0.03);  female  stomachs  averaged 
9.3  ±  27.8  g  of  douglas  squirrels  (Tamia- 
sciiiriis doiiglasi)  compared  to  4.6  ±  19.2  g 
for  males  (p<0.07).  Although  there  were  no 


Table  1.  Stomach  contents  of  324  western  Washing- 
ton bobcats  collected  from  1976  through  1979. 


Percent 

Relative 

occurrence 

weight  (%) 

Mammals 

Aplodontia  rufa 

42 

50 

Lepus  americanus 

26 

33 

Tamiasciurus  douglasi 

10 

3 

Odocoileus  sp. 

7 

Microtus  sp.* 

4 

Glaucomijs  sahrinus 

1 

Castor  canadensis 

1 

Sorex  sp.b 

1 

tr^ 

Felis  rufus 

1 

3 

Ondatra  zibethica 

1 

tr 

Cervus  canadensis 

tr 

tr 

Peromijscus  inaniculatus 

tr 

tr 

Erethizon  dorsatum 

tr 

tr 

Scapanus  orarius 

tr 

tr 

Unidentified  mammal 

2 

tr 

Total 

96 

98 

Birds 

Troglodytes  troglodytes 

3 

tr 

Melospiza  melodia 

1 

tr 

Pipilo  erythrophthalmus 

1 

tr 

Ixoreus  naevius 

1 

tr 

Scolopacidae 

tr 

tr 

Tetraonidae 

tr 

1 

Unidentified  bird 

tr 

tr 

Total 

7 

1 

Salmonid 

2 

1 

Vegetation 

3 

tr 

Empty 

17 

- 

^Includes  Microtus  oregoni,  Clethrionomys  sp. 
"Includes  Sorex  tagrarw.  S.  trowbrid^ii. 
■^tr  =  items  occurring  <  0.5%. 
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overall  age  differences  in  food  habits,  the  rel- 
ative weight  of  squirrel  remains  in  76  kitten 
stomachs  averaged  11.4  ±  30.9  g  compared 
to  3.9  ±  17.6  g  in  139  adults  (p<0.05). 

In  western  Washington,  birds  occurred 
more  often  (p<0.07)  in  67  adult  (6%)  and  kit- 
ten females  (10%)  than  72  adult  males  (0%), 
and  9%  of  the  57  yearling  males  had  eaten 
birds  compared  to  2%  of  the  41  yearling 
females. 

There  was  a  slight  difference  in  the  eastern 
Washington  population  among  the  49  kittens, 
17  yearlings,  and  48  adults  when  the  relative 
weights  of  all  prey  remains  were  examined  si- 
multaneously (p<0.09).  Analyses  of  individ- 
ual prey  items  showed  that  adults  averaged 
17.7  ±  37.8  g  of  deer  compared  to  9.0  ± 
19.2  g  in  kitten  (p<0.05)  and  6.8  ±  24.4  g  in 
yearling  (p<0.10)  stomachs.  Also,  kittens  had 
consumed  an  average  of  19.3  ±  38.7  g  of 
mice  compared  to  1.9  ±  8.1  g  for  yearlings 

Table  2.  Stomach  contents  of  123  eastern  Washing- 
ton bobcats  collected  from  1976  through  1980. 


Percent 

Relative 

occurrence 

weight  (%) 

Mammals 

Lagomorph# 
Tamia.iciurus  Jiiuhonicus 

20 
15 

32 
14 

Odcoileus  sp. 

11 

21 

Microtiis  sp.'' 

11 

6 

Perormjsctts  manicukitus 
Neotonia  cinereii 

6 

2 

1 
2 

Gkiucomys  sabrinus 

2 

2 

Eutamius  sp. 

2 

ti*' 

Erethrizon  dorsatum 

2 

1 

Ondatra  zibcthica 

2 

3 

Mamivta  sp. 

2 

1 

CiteUtis  sp. 

1 

Castor  canadensis 

2 

Sciurus  oriseus 

1 

Perognathus  partus 
Unidentified  mammal 

tr 
tr 

Total 

80 

85 

Birds 

Tetraonidae 

5 

9 

Fringillidae 

tr 

Spinas  pinus 
Agelaius  phoeniceiis 
Anas  platijrhtjnchos 
Domestic  chicken 

tr 

tr 

1 

4 

Unidentified  bird 

5 

1 

Total 

15 

15 

Vegetation 

5 

tr 

Empt^' 

26 

- 

^Includes  Sylvilagus  nuttallii,  Lepus  townsendii,  L.  califomicus. 
"Includes  Microtus  pennsyhanicus,  M.  montanus,  M.  longfcaudus. 
^\.x  =  items  occurring  <  0.5%. 


(p<0.09).  Sixty-five  female  bobcats  had  con- 
sumed an  average  of  15.0  ±  33.0  g  of  red 
squirrels  compared  to  8.6  ±  27.9  g  for  males 
(n  +  49)  (p<0.05)  in  the  only  sex-related 
dietary  difference  in  the  eastern  Washington 
population. 

Ten  percent  of  the  bobcat  kittens  in  east- 
ern Washington  had  eaten  mammals  com- 
pared to  24%  of  the  yearlings  and  19%  of  the 
adults  (p<0.09).  Squirrels  occurred  in  20%  of 
the  female  stomachs  and  10%  of  the  males 
(p<0.10).  Deer  remains  were  found  in  16% 
of  the  31  adult  and  20%  of  the  10  yearling  fe- 
males compared  to  8%  of  the  24  kitten  fe- 
males; 24%  of  the  17  adult  males  had  eaten 
deer,  but  none  of  the  25  kitten  or  7  yearling 
males  had  (p< 0.10). 

Discussion 

Mountain  beavers  were  the  most  important 
bobcat  prey  in  western  Washington. 
Schwartz  and  Mitchell  (1945)  found  moun- 
tain beavers  in  only  1.3%  of  6  bobcat  stom- 
achs and  99  feces  examined  from  north- 
western Washington.  Nussbaum  and  Maser 
(1975)  reported  mountain  beavers  in  1.6% 
and  5.3%  of  bobcat  feces  (n  =  34,  143)  from 
two  ranges  in  western  Oregon.  Although 
comparative  mountain  beaver  densities  were 
not  indicated  in  Schwartz  and  Mitchell's 
study,  the  increased  use  by  bobcats  in  Wash- 
ington may  be  a  fimction  of  mountain  beaver 
availability.  Logging  and  burning  in  western 
Washington  have  increased  the  proportion  of 
forests  in  early  successional  stages  (Franklin 
and  Dyrness  1973),  providing  better  habitat 
for  mountain  beavers.  Mountain  beaver  den- 
sities may  have  increased  with  this  habitat 
change  and  provided  a  more  abundant  food 
resource  for  bobcats  than  in  previous  years. 

Evidence  of  bobcats  killing  deer  has  been 
well  documented  (Young  1958,  Marston 
1942,  Erickson  1955,  McCord  1974).  Equal 
occurrences  of  deer  in  the  stomachs  of  all 
bobcat  age  classes  in  western  Washington 
suggests  carrion  utilization.  The  greater  oc- 
currence of  deer  in  adult  diets  in  eastern 
Washington  indicates  either  greater  carrion 
use  or  a  higher  incidence  of  predation  by 
more  capable  hunters. 

The  higher  proportion  of  empty  stomachs 
and  smaller  average  stomach  content  weights 
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for  eastern  Washington  bobcats  compared  to 
western  Washington  specimens  may  indicate 
a  lower  prey  base  available  to  eastern  Wash- 
ington bobcats.  There  was  no  kitten  survival 
to  the  winter  population  on  one  study  area  in 
southeastern  Washington,  and  one  radio-in- 
strumented female  died  overwinter  from  pos- 
sible starvation  (Knick  1980).  In  addition, 
two  yearlings  collected  in  eastern  Washing- 
ton were  foimd  dead,  apparently  starved. 

Greater  use  of  squirrels  by  females  com- 
pared to  males  in  both  populations  may  be 
the  result  of  females  selecting  smaller  prey 
than  relatively  larger  males.  Fritts  and  Sea- 
lander  (1978)  showed  a  greater  use  of  smaller 
prey  items  by  female  bobcats  in  Arkansas.  In 
contrast,  there  were  no  sex-related  differ- 
ences in  bobcat  diets  in  eastern  Oregon 
(Toweill  1983).  Differential  prey  exploitation 
would  reduce  competition  between  sexes  on 
shared  home  ranges  (Vaughan  1972). 

The  greater  use  of  squirrels  by  kittens  com- 
pared to  adults  in  western  Washington,  and 
mice  by  kittens  compared  to  yearlings  in 
eastern  Washington,  suggests  that  the  smaller 
prey  items  could  be  more  easily  captured  by 
yoimger  animals  that  had  not  fully  developed 
himting  skills.  Use  of  mice  by  kittens,  while 
greater,  was  not  significantly  different  than 
by  adults  in  eastern  Washington. 

The  differences  in  diet  between  kittens  and 
adults  in  eastern  Washington  indicates  that 
young  were  hunting  independently  of  their 
mother  in  this  population  during  this  period 
(Oct. -May).  In  contrast  to  our  eastern  Wash- 
ington findings,  Fritts  and  Sealander  (1978) 
observed  no  differences  between  diets  of  kit- 
tens and  adults  from  stomach  samples  taken 
during  a  period  of  kitten  dependency 
(Aug.-Nov.) 


T.\BLE  3.  Average  weight  of  bobcat  stomach  contents 
by  age  and  sex  categories. 

Western  Washington  Eastern  Washington 

Average  weight      N  Average  weight    A' 

Females          175.6  ±  185.9^     111  151.5  ±  185.1     49 

Males             263.2  ±  284.8      140  190.1  ±  211.3     34 

Adults            252.5  ±  266.4      111  209.9  ±  224.6     31 

Yearlings        225.3  ±  293.1        82  135.5  ±  185.5     13 

Kittens            169.7  ±  169.5        58  144.1  ±  176.5     .39 


Total 


224.5  ±  223.5     251      167.3  ±  171.5     83 
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WARM  WATER  AQUACULTURE  USING  WASTE  HEAT  AND  WATER 
FROM  ZERO  DISCHARGE  POWER  PLANTS  IN  THE  GREAT  BASIN 

Richard  A.  Heckmann',  Robert  N.  Winget',  Rex  C.  Infanger', 
Roger  W.  Mickelsen',  and  John  M.  Hendersen' 

Abstract.—  Two  series  of  experiments  were  completed  to  determine  (a)  toxicity  of  waste  water  from  power  plants 
on  warm  water  fish  and  (b)  multiple  use  of  waste  heat  and  water  for  aquatic  animal  and  plant  production.  All  three 
types  of  waste  water  from  a  typical  coal-fired  power  plant  are  acceptable  for  growing  catfish  and  tilapia  following 
aeration.  This  growth  was  compared  with  fish  raised  in  spring  water.  Closed,  recirculating  polyculture  systems  using 
evaporation  pond  water  operated  efficiently  for  plant  (duckweed)  and  animal  (fish  and  freshwater  prawns)  produc- 
tion. Duckweed  is  an  excellent  supplement  for  fish  feed.  Tilapia  and  freshwater  prawns  grew  rapidly  in  the  tanks 
containing  duckweed  only. 


Efficient  use  of  natural  resources  will  be 
essential  in  the  next  decade,  especially  as  it 
relates  to  energy  reserves.  The  lower  sulfur 
coal  reserves  of  the  western  United  States  are 
large  and  are  expected  to  be  used  as  an 
energy  source  for  many  years  to  come.  De- 
sign of  coal-fired  power  plants  has  improved 
so  that  more  electricity  can  be  produced 
with  minimal  impact  on  the  environment. 
However,  plant  operation  still  depends  on 
the  availability  of  large  quantities  of  high- 
quality  water.  Although  plant  efficiency  has 
improved,  massive  amounts  of  waste  heat  is 
produced  and  expelled  via  water-cooling  sys- 
tems. The  wasted  heat  is  generally  of  little 
use  to  industry  but  could  be  used  for  warm 
water  aquaculture  (Table  1). 

Aquaculture  involves  the  farming  of  eco- 
nomically important  species  of  fish  and 
shellfish  (Holden  1978).  Aquatic  animals  tend 
to  have  better  feed  conversion  ratios  than 
terrestrial  animals,  because  aquatic  animals 
expend  only  minimal  amounts  of  energy  sup- 
porting body  weight  and  in  maintaining  a 
constant  body  temperature. 

Development  of  aquaculture  facilities  uti- 
lizing the  tremendous  amounts  of  waste  heat 
produced  by  power  plants  should  be  a  goal 
for  maximum  use  of  the  coal  reserves  for  the 
western  states.  One  objective  of  our  research 
for  the  past  four  years  has  been  the  devel- 
opment of  multiple-use  aquaculture  systems 
for  the  waste  heat  from  power  plants  in 
Utah. 


Observations  of  the  evaporation  ponds  at 
both  the  Hunter  and  Huntington  power 
plants  in  Utah  have  indicated  that  at  certain 
times  the  ponds  contain  abundant  plants  and 
animals  and  at  other  times  aquatic  life  is  ab- 
sent. It  appears  from  these  observations  that 
a  toxin  or  low  dissolved  oxygen  levels  could 
be  responsible  for  the  periodic  mortality. 
These  observations  led  to  the  initial  experi- 
mentation to  determine  probable  reasons  for 
this  mortality. 

It  was  found  in  a  pilot  study  that  evapo- 
ration pond  water  from  the  Huntington  pow- 
er plant  on  occasions  was  lethal  to  fish.  This 

Table  1.  Potential  uses  of  thermal  waters  (adapted 
from  Rinehart  1980). 


Degrees 

(C) 

Use 

20 

Hatching  of  fish,  fish  farming 

30 

Swimming  pools,  biodegradation, 
fermentations,  de-icing 

40 

Soil  warming 

50 

Mushroom  growing 

60 

Animal  husbandry,  greenhouses  by 
combined  space  and  hotbed  heating 

70 

Refrigeration  (lower  temperature  limit) 

80 

Space  heating,  greenhouses 

90 

Drying  of  stock  fish,  intense  de-icing 
operations 

100 

Drying  of  organic  materials,  seaweed, 
grass,  vegetables 

110 

Drying  and  curing  of  light  aggregate 
cement  slabs 

120 

Freshwater  by  distillation,  most  multiple- 
effect  evaporators,  concentration  of 
saline  solutions 

'Department  of  Zoology,  Brigham  Young  University,  Prove,  Utah  84602. 
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Table  2.  Growth  data  for  long-term  toxicity  tests.  There  were  15  catfish  and  15  tilapia  used  in  each  tank. 


Initial 

(Ave) 

40-day 

(Ave) 

60-day 

(Ave) 

Filter 

"WG 

L 

WG 

L 

WG 

L 

Water  and  animal 

.system 

(gm) 

(cm) 

(gm) 

(cm) 

(gm) 

(cm) 

Cooling  tower  water 

Tilapia 

Oyster  shell 

4.6 

4.9 

9.9 

6.4 

19.1 

7.98 

Catfish 

Oyster  shell 

0.4 

2.9 

1.3 

4.4 

3.0 

5.9 

Tilapia 

Bio-ring 

5.0 

4.5 

13.8 

7.5 

22.6 

8.73 

Evaporation  pond 

water 

Tilapia 

Oyster  shell 

4.9 

4.7 

9.8 

6.4 

16.6 

7.73 

Catfish 

Oyster  shell 

0.5 

3.0 

1.5 

4.5 

3.3 

6.1 

Tilapia 

Bio-ring 

5.5 

5.2 

12.5 

7.0 

19.9 

8.1 

Waste  water 

Tilapia 

Oyster  shell 

4.9 

4.1 

6.4 

5.9 

12.3 

7.1 

Catfish 

Oyster  shell 

0.4 

3.0 

1.8 

4.5 

3.1 

6.2 

Tilapia 

Bio-ring 

4.6 

4.6 

10.1 

6.7 

16.5 

7.8 

Spring  w.\ter 

Tilapia 

Oyster  shell 

4.6 

4.9 

8.0 

6.2 

15.4 

7.6 

Catfish 

Oyster  .shell 

0.4 

2.9 

1.7 

4.9 

4.7 

6.9 

Tilapia 

Bio-ring 

4.9 

4.6 

19.3 

8.2 

28.6 

9.4 

WG  =  weight  gain,  (gm)  =  grams,  L  =  standard  length,  (cm)  =  centimeters 


same  water  could  be  detoxified  using  extend- 
ed aeration.  After  several  hours  of  aeration, 
fish  were  able  to  live  in  the  water  without 
apparent  difficulty.  These  results  prompted 
further  experimentation  on  the  effects  of  aer- 
ation on  the  toxicity  of  water  used  at  the 
Huntington  power  plant.  After  this  pilot 
study,  two  projects  were  designed  and  com- 
pleted to  determine  multiple  use  of  heated 
effluent  from  the  power  plants. 


For  project  1,  experiments  were  designed 
to  duplicate  previous  toxicity  testing  and  to 
determine  long-term  fish  survival  in  waste 
water.  The  project  included  short-term  (8 
day)  toxicity  using  catfish  {Ictalunis  punc- 
tatus)  and  long-term  (60  day)  toxicity  using 
biological  filtration,  in  which  two  types  of 
media  and  two  species  of  fish,  catfish  and  Ti- 
lapia aurea,  were  included.  The  filter  media 
included  a  high  calcium  filter  medium  (bro- 


Table  3.  Growth  and  .survival  for  long-term  toxicity  tests.  There  were  15  catfish  and  15  tilapia  used  in  each  tank. 


Water  and  animal 


Filter 
system 


60-day 
•WG  (gm) 


Increase 

(%) 


60-day  Mortality 


Cooling  tower  water 

Tilapia 

Oyster  shell 

Catfish 

Oyster  shell 

Tilapia 

Bio-ring 

Evaporation  pond  water 

Tilapia 

Oyster  shell 

Catfish 

Oyster  shell 

Tilapia 

Bio-ring 

Waste  water 

Tilapia 

Oyster  shell 

Catfish 

Oyster  shell 

Tilapia 

Bio-ring 

Spring  water 

Tilapia 

Oyster  shell 

Catfish 

Oyster  shell 

Tilapia 

Bio-ring 

314 
650 
353 


240 
546 
262 


150 
688 
260 


235 

1050 

483 


63 

13 

103 

0 

94 

27 

64 

20 

103 

7 

55 

27 

72 

13 

105 

0 

70 

13 

54 

0 

137 

60 

104 

53 

*WG  =  weight  gain,  (gm)  =  grams 
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Table  4.  Large-system  lower  tank  (weights,  feed,  conversions).  There  were  20  catfish  and  20  tilapia  used  in  this 
tank.  Dav  1  =  25  Feb  1981. 


Fish  weights  (g) 

Feed 
Duckweed 

(g/Period) 

Commercial 

Conversion/Period 

Day 

Catfish 

Tilapia 

Total 

(Feed/Flesh) 

1 

58.4 

182.6 

241.0 

14 

104.3 

265.8 

.370.1 

78.0 

0.60:1 

30 

145.0 

400.8 

545.8 

148.8 

0.85:1 

45 

213.2 

619.2 

832.4 

257.1 

0.90:1 

60 

186.7 

590.4 

771.1 

691.5 

— 

- 

75 

178.8 

608.5 

787.3 

1631.0° 

— 

15.99:1 

91 

124.0 

695.5 

819.5 

1576.0° 

105.4 

8.17:1 

100 

155.9 

761.5 

917.4 

1106.1° 

73.8 

1.88:1 

117 

230.5 

930.0 

1160.5 

2201.6° 

147.2 

1.51:1 

132 

293.5 

1202.0 

1495.5 

54.0° 

273.2 

0.83:1 

Total  gain  =  1254.5  g 

Total  feed  -  Duckweed  =  726.0  g  dry  wt 

Total  commercial  feed  =  1083.5  g 

Overall  conversion  =  1.44:1  (0.58  duckweed /g  +  0.86  comm.[) 

"Duckweed  from  an  outside  source 


ken  oystershell)  and  commercial  plastic  bio- 
rings.  For  the  second  project  a  polyculture 
system,  using  the  same  two  types  of  warm 
water  fish,  two  species  of  aquatic  plants,  and 
a  freshwater  prawn,  was  outlined  using 
closed  water  systems.  These  organisms  were 
chosen  because  of  their  compatibility,  high 
productivity,  and  marketability  (Suffern 
1980,  Dimseth  1977).  An  added  advantage  is 
that  aquatic  plants  remove  nitrogen  from  the 
system,  helping  to  maintain  good  water  qual- 
ity while  providing  a  useful  product  (Hillman 
and  CuUey  1978,  Williams  1976). 

Methods  and  Materials 

Project  1 

Fish  toxicity  trials  for  Project  1  were  con- 
ducted using  water  from  the  evaporation 


pond,  cooling  towers,  and  neutralizing  basin 
at  the  Huntington  Power  Plant  and  from  a 
freshwater  spring  located  at  Brigham  Young 
University.  Water  from  each  source  was 
placed  in  three  one-gallon  jars.  One  jar  from 
each  water  type  was  included  in  one  of  three 
groups  consisting  of  four  jars  each.  Water  in 
jars  of  the  first  group  was  aerated  for  72 
hours  prior  to  the  addition  of  fish.  Water  in 
the  second  group  was  aerated  for  24  hours 
prior  to  receiving  fish.  Water  in  the  third 
group  was  not  aerated  and  fish  were  added 
immediately  after  the  jar  was  filled.  Five  fin- 
gerling  catfish  were  placed  in  each  jar  at  the 
laeginning  of  the  study.  All  jars  were  then 
aerated  continuously  for  the  eight-day  dura- 
tion of  the  experiment. 

Long-term  toxicity  testing  was  conducted 
using   10-gallon  aquaria.  Two  aquaria  were 


Table  5.  Large-system  upper  tank  (weights,  feed,  conversions).  There  were  20  catfish  and  20  tilapia  used  in  this 
tank.  Day  1  =  25  Feb  1981. 


Fish  weights  (g) 

Feed 
(g/Period) 

Convi 

(F. 

ersion/ Period 

Day 

Catfish 

Tilapia 

Total 

eed/Flesh) 

1 

48.3 

193.9 

242.2 

14 

75.2 

272.6 

347.8 

79.3 

.75:1 

30 

119.4 

.377.5 

496.9 

1,39.2 

.93:1 

45 

157.8 

,541.9 

699.7 

223.2 

1.10:1 

60 

200.7 

725.0 

925.7 

262.5 

1.16:1 

75 

261.0 

9.37.0 

1198.0 

324.8 

1.19:1 

91 

280.8 

976.7 

1257.5 

420.0 

7.06:1 

100 

319.2 

1063.4 

1,382.6 

282.6 

2.26:1 

117 

347.2 

1127.5 

1474.7 

553.6 

6.01:1 

132 

411.0 

1308.0 

17.39.0 

479.7 

1.81:1 

Total  gain  =  1496.8  g 

Total  commercial  feed  =  2764.9  g 

Overall  conversion  -  1.85:1 
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Table  6.  Small-system  lower  tank  (weights,  feed,  conversions).  There  were  10  catfish  and  10  tilapia  used  in  this 
tank.  Day  1  =  25  Feb  1981. 


Fish  weights  (g) 

Feed 
(g/Period) 

Conversion  /  Period 

Day 

Catfish 

Tilapia 

Total 

(Feed/Flesh) 

1 

28.2 

123.4 

151.6 

14 

42.6 

183.8 

226.4 

79.3 

0.66:1 

30 

45.0 

251.7 

296.7 

91.2 

1.30:1 

45 

62.7 

354.1 

416.8 

133.2 

1.11:1 

60 

93.5 

446.8 

540.3 

156.0 

1.26:1 

75 

10.5 

237.0 

247.5 

165.5 

—  ° 

91 

16.5 

333.7 

350.2 

93.0 

7.06:1 

100 

20.0 

348.1 

368.1 

79.2 

2.26:1 

117 

39.0 

459.0 

498.0 

147.2 

6.01:1 

132 

42.0 

564.0 

606.0 

162.5 

1.81:1 

Total  gain  =  454.4  g 

Total  commercial  feed  =  1077.2  g 

Overall  conversion  -  2..37:1  (due  to  high  mortality  from  day  60-75) 

"Mortality  due  to  low  DO.  and  feeding  stress 


plumbed  together  to  form  one  system.  Each 
system  consisted  of  one  aquarium  acting  as  a 
filter  while  the  second  acted  as  a  habitat  for 
fish.  Twelve  systems  were  divided  into  three 
groups  consisting  of  four  systems  each. 

Oystershell  was  used  as  a  filter  medium  in 
two  of  the  three  groups,  and  the  remaining 
group  contained  plastic  bio-rings.  Fifteen  fin- 
gerling  catfish  were  placed  in  one  of  the  oys- 
ter .shell  groups.  Fifteen  tilapia  were  placed 
in  each  of  the  systems  in  the  second  oyster 
shell  group.  The  group  using  bio-rings  re- 
ceived fifteen  fingerling  tilapia.  All  fish  were 
weighed  and  measured  (standard  length)  pri- 
or to  the  beginning  of  the  experiment.  The 
15  catfish  in  each  tank  were  weighed  as  a 
group  because  of  their  small  size. 

Four  water  types  were  used  for  experimen- 
tation within  each  group.  These  consisted  of 


water  from  the  cooling  tower,  evaporation 
pond,  waste  water  basin  of  the  Huntington 
Power  Plant,  and  the  BYU  spring.  Water 
quality  parameters  of  temperature,  pH,  ni- 
trite, and  conductivity  were  taken  weekly. 

Project  2 

Two  closed,  recirculating  systems  were 
constructed,  each  involving  a  sequence  of 
five  tanks.  Two  tanks  in  each  system  con- 
tained equal  numbers  of  tilapia  and  channel 
catfish.  The  fish  in  these  two  tanks  were  fed  a 
commercial  trout  diet  at  the  rate  of  2.5%  of 
the  fish's  body  weight  adjusted  at  15-day  in- 
tervals according  to  the  growth  of  the  fish. 
For  the  other  tanks,  two  per  system  had 
duckweed  {Lemna  minor)  floating  on  the  wa- 
ter surface.  One  of  the  duckweed  tanks  in 


Table  7.  Small-system  upper  tank  (weights,  feed,  conversions).  There  were  10  catfish  and  10  tilapia  used  in  this 
tank.  Day  1  =  25  Feb  1981. 


Fish  weights  (g) 

Feed 

(g/Period) 

Conversion/ Period 

Day 

Catfish 

Tilapia 

Total 

(Feed/Flesh) 

1 

28.5 

96.0 

124.5 

14 

30.0 

140.5 

170.5 

40.3 

0.88:1 

30 

43.1 

180.0 

223.1 

60.8 

1.16:1 

45 

61.0 

275.5 

336.5 

100.8 

0.89:1 

60 

94.0 

378.5 

472.5 

126.0 

0.93:1 

75 

118.0 

474.5 

,592.5 

165.2 

1.38:1 

91 

94.3 

506.2 

600.5 

217.0 

27.13:1° 

100 

119.7 

536.5 

656.2 

135.0 

2.42:1 

117 

170.5 

603.0 

773.5 

262.4 

2.24:1 

132 

203.0 

717.0 

920.0 

250.9 

1.71:1 

Total  gain  =  795.5  g 

Total  feed  =  1358.4  g 

Overall  conversion  -  1.71:1 

'High  conversion  due  to  mortality  from  day  75-91 
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each  system  received  freshwater  shrimp 
{Macrohrachium  rosenbergii)  and  the  other 
received  2  tilapia  each.  No  commercial  food 
was  added  to  the  duckweed  tanks,  leaving 
the  shrimp  and  tilapia  in  these  tanks  to  feed 
on  plant  growth  and  waste  products  coming 
from  the  other  fish  tanks.  The  fifth  tank  con- 
tained the  biological  filter  that  consisted  of  a 
crushed  oyster  shell  and  the  nitrifying  bac- 
teria. One  filter  tank  also  contained  pots  of 
water  chestnuts  {Eleocharis  dulcis). 

The  water  flowed  through  a  duckweed 
tank,  a  fish  tank,  the  second  duckweed  tank, 
the  second  fish  tank,  then  into  the  filter.  Wa- 
ter from  the  filter  tank  was  recirculated  back 
into  the  first  duckweed  tank.  Water  quality 
parameters  were  measured  daily  and  fish 
growth  was  measured  every  15  days.  Duck- 
weed was  harvested  as  necessary  to  prevent 
clogging  of  pipes  and  filters  and  to  promote 
maximum  duckweed  growth. 

In  addition  to  the  laboratory  system,  a 
cage  (4  X  4  X  4  ft,  floating,  of  rubber- 
coated  mesh)  was  placed  in  the  evaporation 
pond  at  the  Hunter  Power  Plant.  Fifteen  ti- 
lapia were  placed  in  the  cage  and  their 
growth  was  monitored. 


Table  8.  Duckweed  production   (Starting  25  Feb 
1981)  in  the  large-system  upper  tank. 


Date 


Amount  harvested 

(g) 


2  April 
20 

12  May 
20 
27 

4  June 

8 
15 
16 
17 
19 
20 
23 
25 
26 
27 
29 
30 

IJuly 

2 

6 

Total" 


458.2 

698.9 

275.0 

126.0 

327.0 

286.0 

129.0 

1.35.0 

1.35.0 

135.0 

1.35.0 

1.35.0 

44.0 

102.0 

45.0 

57.0 

45.0 

110.0 

63.0 

40.0 

65.0 

.3546.1 


Results 

Project  1 

All  but  two  fish  used  in  the  short-term  tox- 
icity tests  survived  the  eight-day  duration  of 
the  experiment.  The  two  deaths  occurred  in 
evaporation  pond  water,  one  in  the  72-hour 
jar  and  one  in  the  24-hour  jar. 

Mortality  in  the  long-term  experiments  re- 
sulted in  10  dead  catfish  and  6  dead  tilapia  in 
the  oyster-shell-filtered  groups.  Eighteen  ti- 
lapia died  in  the  bio-ring-filtered  group.  The 
10  catfish  included  one  in  evaporation  pond 
water  and  9  in  spring  water.  The  tilapia  mor- 
tality in  the  oyster  shell  group  included  2 
each  in  evaporation  pond  water,  waste  water, 
basin  water,  and  cooling  tower  water.  Mor- 
tality in  the  bio-ring  system  included  4  each 
in  evaporation  pond  water  and  cooling  tower 
water,  8  in  spring  water,  and  2  in  the  water 
from  the  waste  water  basin. 

Water  quality  was  acceptable  in  the  oyster 
shell  system  during  the  experimental  period; 
however,  nitrite  levels  in  the  bio-ring  group 
were  well  below  acceptable  levels.  Growth 
data  is  reported  in  Tables  2  and  3. 

Project  2 

Tilapia  fed  the  prepared  trout  food  showed 
mcreases  in  body  weight  of  10  to  50%  every 
15  days  (Tables  4-7).  When  fed  strictly  duck- 
weed at  15%  of  body  weight,  the  tilapia 
showed  marginal  gains  but  the  catfish  lost 
weight  (Table  4  between  days  45-75).  When 
a  mixture  of  duckweed  and  trout  food  was 
fed,  weight  gains  of  up  to  28%  were  achieved 
(Table  4).   The  conversion  ratios  were  best 


Table  9.   Duckweed  production   (Starting  25  Feb 
1981)  in  the  small-system  upper  tank. 

Amount  harvested 
Date  (g) 


2  April 
22 

12  May 
23 
30 

2  June 
13 
21 

Total" 


317.1 
266.0 
319.5 
170.0 
192.0 
142.0 
140.0 
70.0 

1616.6 


•Total  =  3546.1  g  =  36.7  tons/acre/year. 


•Total  =  1616.6  g  =  38.9  tons/acre/year. 
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when  duckweed  and  commercial  feed  were 
used  together  (Table  4).  The  tilapia  and 
shrimp  in  the  duckweed  tanks  grew  rapidly 
without  being  fed  any  outside  food,  eating 
only  the  existing  plant  growth  and  waste 
products.  Duckweed  production  has  been 
measured  at  approximately  33  tons/ac/yr 
(Tables  8-10).  Duckweed  in  the  large-system 
lower  tank  did  not  have  a  chance  to  repro- 
duce before  the  fish  in  the  tank  ate  it.  The 
small  system  that  had  contained  the  power 
plant  evaporation  pond  water  since  day  77 
(Tables  11  and  12)  experienced  a  spawning 
on  day  117  in  the  lower  fish  tank.  The  newly 
hatched  fish  were  removed  from  the  fish  tank 
and  placed  in  the  duckweed  tanks.  As  of  Au- 
gust they  were  nearly  1.5  inches  long,  feed- 
ing entirely  on  duckweed  and  waste  products 
in  the  system.  Some  mortality  of  fish  was  ex- 
perienced due  to  low  dissolved  oxygen  (D.O.) 
at  times.  The  low  dissolved  oxygen  was  prob- 
ably due  to  the  high  respiration  from  plant 
materials  growing  in  the  system  and  the  bio- 
logic filter  organisms.  To  compensate  for  the 
problem,  air  stones  were  added. 

The  water  chestnuts  grew  poorly  vmder  the 
normal  fluorescent  lights  but  did  well  under 
the  broad  spectrum  lights.  At  the  Hegerhorst 
system  in  Benjamin,  Utah,  water  chestnuts 
from  the  same  stock,  planted  outside  at  the 
same  time,  grew  to  approximately  5  feet  tall 
and  have  been  harvested. 

It  can  be  seen  that  the  large  system  re- 
acted the  same  as  the  small  system,  but  not  as 
quickly.  The  biological  filters  required  a  nor- 
mal period  of  time  to  establish  themselves,  as 
shown  by  the  nitrite  levels,  but  were  suf- 
ficient to  handle  2.5%  feed  rates. 


Table  10.  Duckweed  production  (Starting  25  Feb 
1981)  in  the  small-system  lower  tank.  Two  fish  were  in- 
cluded in  this  tank. 


Amount  harvested 


Date 


2  April 
22 
21  May 

8  June 
14 
21 
24 

Total" 


250.8 
139.7 
203.0 
121.0 
138.0 
70.0 
54.0 

975.7 


The  evaporation  pond  at  Hunter  during 
July  and  August  1981  contained  mayflies, 
dragonflies,  damselflies,  numerous  water  bee- 
tles, and  abundant  vegetation.  The  fish  in  the 
cage  were  given  no  food  except  for  some  of 
the  mosses  and  aquatic  insects  that  existed  in 
the  pond.  The  fish  grew  very  well  on  the  nat- 
ural productivity  of  the  pond,  increasing  64% 
in  weight  in  one  month  (Table  13). 

Discussion 

Results  from  short-term  and  long-term  tests 
indicate  that  all  the  waters  used  in  this  exper- 
iment were  acceptable  for  growing  both  spe- 
cies of  fish  under  the  defined  conditions.  Ani- 
mal growth  was  considered  to  be  satisfactory 
in  all  systems.  The  high  mortality  rate  in  the 
spring  water  aquaria  was  probably  due  to 
contamination  of  the  water  line,  because  the 
spring  water  pump»  were  being  repaired  the 
day  prior  to  beginning  the  experiments. 

The  results  of  the  short-term  toxicity  test- 
ing were  surprising  because  there  was  much 
less  mortality  than  was  expected.  It  appeared 
that  none  of  the  water  sources  contained  the 
substances  that  had  produced  toxicity  in  the 
past.  One  possible  explanation  for  this  lack  of 
toxicity  might  be  that  the  toxin  or  toxins  are 
not  continuously  present  in  the  waste  waters 
from  the  power  plant.  Therefore,  the  toxin 
may  be  the  result  of  some  variation  in  the 
normal  processes  of  the  power  plant. 

Discussion  with  personnel  at  the  power 
plant  indicated  that  periodically  the  blow- 
down  from  the  SOo  scrubbers  have  been  re- 
leased into  the  evaporation  pond.  It  was  also 
found  that  changes  have  been  made  to  pre- 
vent this  from  occurring  in  the  future.  It  ap- 
peared likely  that  this  blowdown  may  have 
been  the  source  of  the  periodic  toxicity  ob- 
served in  the  evaporation  pond.  Examination 
of  fish  tissue  using  EDAX  (Energy  Dispersive 


Table  11.  Water  quality  for  large  system. 


Parameter 


Mean 


Range 


'Total  =  975.7  g  =  23.4  tons/acre/year. 


Temperature 
(centigrade) 

26.8 

23.0-31.0 

pH 

7.7 

7.4-8.5 

Conductivity 

535 

250-800 

Oxygen  (ppm) 

3.95 

1.62-7.2 
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Analysis  for  X-Rays)  in  conjunction  with 
SEM  (Scanning  Electron  Microscopy)  in- 
dicated high  levels  of  sulfur  that  further  con- 
firmed this  hypothesis.  The  EDAX  technique 
can  detect  elements  found  in  tissue  in  ppm 
and  ppb. 

The  advantages  and  potential  of  this  type 
of  aquaculture  system  are  great.  The  present 
data  indicate  that  the  closed,  recirculating 
polyculture  system  will  operate  efficiently, 
especially  when  duckweed  from  within  the 
system  is  used  as  a  supplemental  feed.  This 
corroborates  other  findings  (Mayo  1976,  Ray 
1981,  Siddal  1974).  It  is  reported  that  75-80 
percent  of  the  production  costs  in  aquacul- 
ture come  from  the  feed  and  fingerlings 
(USDA  Economic  and  Statistical  Service 
1981).  Duckweed  as  a  supplement  could  be 
an  important  factor  in  cutting  back  these 
costs.  The  economic  values  of  a  polyculture 
system  are  obvious  because  there  is  more 
production  per  unit  of  culture.  Our  tests  have 
also  shown  that  there  is  no  apparent  effect 
upon  the  organisms  using  waste  waters  from 
Utah  Power  and  Light's  Hunter  Unit,  and, 
thus,  on  the  basis  of  our  tests,  it  appears  that 
the  water  can  be  used  directly  in  the  aqua- 
culture system.  Although  this  system  will 
produce  a  protein  source  suitable  for  human 
consumption,  it  will  also  produce  other  ben- 
efits that  have  been  summarized  below: 

1.  The  system  will  provide  a  secondary 
method  for  the  consumption  of  waste 
heat,  drawing  required  amounts  of  heat 
directly  from  water  lines  carrying  waste 
heat  to  the  coohng  towers. 

2.  This  system  could  allow  additional  use 
of  heat  and  water  from  geothermal 
projects  prior  to  water  reinjection. 

3.  Water  flowing  from  aquaculture  oper- 
ations will  carry  nutrients  beneficial  to 
surface  farming  operations. 

Table  12.  Water  quality  for  small  system. 


Parameter 


Mean 


Range 


Temperature 

(centigrade) 

pH 

Conductivity 

Oxygen 

(ppm) 


27.2 


510/4930° 
5.14 


25.0-.30.0 

7.2-8.4 
440-600/2900-7000 
1.26-7.80 


4.  The  aquaculture  operations  are  non- 
consumptive.  Water  losses  will  be  limit- 
ed to  evaporation. 

5.  Duckweed  production  from  aquaculture 
ponds  can  be  used  as  a  protein  supple- 
ment for  cattle.  Up  to  75%  replacement 
of  cattle  feed  by  duckweed  has  been 
tested  successfully  by  other  researchers 
(Hillman  and  Culley  1978). 
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Table  13.  Cage  culture  at  the  Hunter  Power  Plant  in 
1981. 


20  July 


15  .\ugust 


Length 
(mm) 


Weight 

(g) 


Length 
(mm) 


Weight 

(g) 


175 
128 
170 
134 
175 
156 
114 
123 
144 
125 
120 
130 
132 
113 
1,35 


91 
37 
82 
38 
100 
65 
24 
31 
48 
31 
24 
31 
38 
19 
39 


128 
147 
176 
183 
184 
125 
140 
151 
147 
133 
150 
1.52 
154 
152 


37 

52 

102 

117 

112 

43 

58 

76 

69 

46 

75 

73 

76 

84 


'Higher  conductivity  levels  are  the  result  of  the  change  from  spring  wa- 
ter to  evaporation  pond  water. 


20  July  1981 

Mean  length  =  138.3  mm 

Range  =113-  175  mm 

StdDev  =21.2 

15  August  1981 

Mean  length  =  151.6  mm 

Range  =  125  -  184  mm 

Std  Dev  =  18.5 

Increase  =  38% 


Mean  Wt.    =  46.5  g 
Range  =  19  -  100  g 

Std  bev       =  25.7 


Mean  VVt.  =  72.9  g 

Range  =  37  -cll7  g 

Std  Dev  =  24.9 

Increase  =  64% 
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CENTRIC  DIATOMS  OF  LAKE  TAHOE 

Albert  D.  Mahood'-^,  Robert  D.  Thomson''^,  and  Charles  R.  Goldman^ 


.Abstract.—  An  understanding  of  the  mechanisms  of  phytoplankton  species  interaction  is  dependent  on  a  precise 
knowledge  of  what  species  exist  within  the  community.  The  centric  diatoms  of  Lake  Tahoe,  California-Nevada, 
which  are  often  the  dominant  component  of  the  phytoplankton  community,  are  presented  in  both  light  and  scanning 
electron  microscopy  (SEM)  photographs.  Specific  attention  has  been  given  to  initial  cell  forms  of  CycloteUa  stelligera 
Cleve  and  Gninow  and  C.  comta  (Ehrenberg)  Kiitzing  through  the  aid  of  the  SEM. 


Lake  Tahoe,  formed  by  a  graben  fault,  is  a 
remarkably  improductive  subalpine  environ- 
ment. Currently  under  the  influence  of  rapid 
urbanization  as  a  year-round  resort  area,  it  is 
beginning  to  show  signs  of  the  earliest  stages 
of  eutrophication  (Goldman  1974). 

As  was  the  case  with  most  of  the  biological 
sciences,  the  early  interest  in  taxonomy  char- 
acterized the  beginning  stages  of  limnology. 
With  the  development  of  new  techniques  for 
measuring  biological  processes  (such  as  pho- 
tosynthesis and  respiration)  in  lakes,  emphasis 
on  taxonomy  declined  and  studies  of  commu- 
nity metabolism  became  a  major  thrust  in 
limnological  research.  The  study  of  the  lim- 
nology of  Lake  Tahoe  during  the  past  20 
years  has  stressed  primary  productivity,  re- 
sponse to  nutrients  by  algae,  and  water 
chemistry  of  the  lake  and  its  tributaries.  With 
further  advances  in  the  study  of  lake  process- 
es, it  became  apparent  that  an  understanding 
of  the  mechanisms  of  phytoplankton  species 
interaction  with  one  another  and  with  their 
chemical-physical  environment  is  prerequi- 
site to  the  imderstanding  of  dynamic  process- 
es in  the  lake.  Thus,  aquatic  biologists  have 
returned  by  necessity  to  research  at  the  spe- 
cies level  that  requires  a  renewed  interest  in 
taxonomic  work.  Periodically  the  phyto- 
plankton community  of  Lake  Tahoe  is  domi- 
nated by  diatoms.  The  large  number  of  dia- 
toms and  their  role  as  water  quality 
indicators  have  stimulated  an  increasing  em- 
phasis on  taxonomic  studies  of  diatoms  in  an 
ongoing    limnological    research    program    at 


Lake  Tahoe,  conducted  by  the  Tahoe  Re- 
search Group  of  the  University  of  California, 
Davis.  Although  diatoms  continue  to  be  the 
most  common  dominants  of  Lake  Tahoe,  re- 
cent research  shows  that  a  few  species  other 
than  diatoms  (particularly  small,  spheroid 
green  or  yellow-green  algae)  have  become 
significant  contributors  to  the  phytoplankton 
community  (Tilzer  and  Goldman  1978).  This 
may  have  resulted,  in  part,  from  a  drastic 
change  in  the  grazing  zooplankton  popu- 
lation caused  by  the  introduction  of  the  opos- 
sum shrimp,  Mijsis  relicta  (Goldman  et  al. 
1979). 

This  paper  is  presented  to  establish  an  ac- 
curate, practical  reference  to  the  centric  dia- 
toms of  Lake  Tahoe.  Species  identification 
was  established  and  verified  in  this  study 
through  collaborative  identification  of  speci- 
mens by  authorities  in  diatom  taxonomy.  To 
assist  future  investigators,  the  original  indi- 
vidually mounted  slides  of  verified  species 
are  deposited  at  the  Department  of  Geology, 
California  Academy  of  Sciences,  San  Fran- 
cisco, and  an  additional  set  of  slides  and  ref- 
erence material  is  stored  at  the  Division  of 
Environmental  Studies,  University  of  Califor- 
nia, Davis. 


Materials  and  Methods 

Phytoplankton  samples  were  collected  in 
van  Dorn  samplers  as  described  by  Goldman 
(1974).    Periphyton   samples   were   collected 


'Division  of  Environmental  Studies,  University  of  California.  Davis,  California  95616. 

'Present  address;  Department  of  Geology,  California  .\cademy  of  Sciences,  San  Francisco,  California  94118. 

'Present  address:  HDR,  Sciences,  804  Anacapa  Street,  Santa  Barbara,  California  93101. 
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Figs.  1-12.  CycloteUa  spp.:  1,  C.  stelligera,  valve  view,  stellate  central  area;  2,  C.  stelligera,  valve  view,  marginal 
striae;  3,  C  stelligera,  internal  valve  view;  4,  C.  ocellata,  external  valve  view;  5,  C.  ocellata,  internal  valve  view;  6,  C. 
antiqua,  valve  view,  conical  structures  in  central  area;  7,  C.  antiqua,  pronounced  marginal  striae;  8,  C.  ocellata, 
whole  cell,  9,  C.  comta,  areolate  pattern  at  junction  of  striae  and  central  area;  10,  C.  comta,  isolated  puncta,  labiate 
pore,  at  the  end  of  shortened  striae;  11,  C.  comta,  irregular  alveolae  pattern  in  central  area;  12,  C.  comta,  typical  ex- 
ternal view  of  valve.  Scale  =  10  juni.  LM. 


from  artificial  substrates  made  of  Pyrex  glass 
cylinders  (Goldinan  1974)  or  from  the  natural 
rock  substrates  found  in  the  lake. 


The  cleaning  and  mounting  of  fossil  as  well 
as  recent  diatom  material  has  been  exten- 
sively discussed  by  Van  Heurck  (1896),  Mea- 


January  1984 


Mahood  et  al.:  Lake  Tahoe  Diatoms 


85 


Figs.  13-17.  CycloteUa  steUigera:  13,  external  valve  view,  stellate  central  pattern  with  central  areolae  structure; 
14,  girdle  view  of  initial  cell;  15,  internal  view  of  initial  cell,  irregular  stellate  pattern;  16,  external  view  of  whole 
cell;  17,  external  valve  view  of  initial  cell.  Scale  =  1  jum.  SEM. 


kin  (1939),  Hendey  (1964),  Patrick  and  Rei- 
mer  (1966),  Lohman  (1972),  and  Mandra  et 
al.  (1973).  The  techniques  that  were  most  ap- 


propriate for  the  relatively  small  species  of 
CycloteUa  and  Melosira  were  variations  of 
those  procedures  developed  by  Hanna  (1930), 
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Figs.  18-21.  Cyclotella  spp.:  18,  C.  ocellata  (SEM),  external  view  of  partially  decomposed  valve  (scale  =  1  \xm); 
19,  C.  (intiqiia,  external  valve  view  (scale  =  10  jum);  20,  same,  external  valve  view,  partially  cleaned  valve  (scale  =  1 
jiim);  21,  same,  internal  view  (scale  =  1  fim). 


Meakin  (1939),  Lohman  (1972),  and  Van  der 
Werff  (1955).  The  Van  der  Werff  technique, 
using  a  succession  of  treatments  with  hydro- 
gen peroxide,  potassium  permanganate,  and 


oxalic     acid,     proved     to     be     the     least 
destructive. 

Light   microscope   (LM)   observations  and 
photographs   were   taken   with   an  Olympus 
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IMT,  using  Kodak  High  Contrast  Copy  film. 
Scanning  electron  microscopy  (SEM)  obser- 
vations and  photographs  were  taken  with  a 
Cambridge  S-180. 

Systematics 

Classification  of  the  higher  taxa  of  centric 
diatoms  follows  the  scheme  set  forth  by  Pa- 
trick and  Reimer  (1966).  Classification  of  in- 
dividual species  follows  the  systematics  as 
proposed  by  Van  Landingham  (1967,  1969). 

Division     Bacillariophyta 

Class  Bacillariophyceae 

Order         Eupodiscales 

Family       Coscinodiscaceae 

Genera      Melosira  Agardh 

Cyclotella  Kiitzing 
Stephanodiscus  Ehrenberg 

Cyclotella  antiqua  W.  Smith 

Figs.  6,7,19-21 

References:  Hustedt  1930:  102,  Fig.  75;  Cleve-Euler 
1951:43,  Fig.  51;  Schmidt  1900:  PI.  224,  Fig.  45.  Califor- 
nia Academy  of  Sciences  No.  60944. 

The  cells  are  cylindrical,  valves  slightly 
concave.  The  diameter  varies  from  15-23 
jum.  Because  of  the  broadly  rounded  marginal 
zone  (Figs.  19,20),  the  margin  appears  nar- 
row, approximately  one-third  the  radius.  This 
species  is  characterized  by  the  5-8  conical 
depressions  in  the  central  zone,  filled  with  ir- 
regularly arranged  areolae.  The  apex  of  the 
cone  is  directed  toward  the  central  area.  The 
valve  is  covered  by  fine  radiating  punctae 
(Figs.  19,20). 

Distinguishing  characteristics:  5-8  conical 
depressions  in  the  central  zone. 

Distribution  in  Lake  Tahoe:  infrequent. 

Ecology:  oligotrophic  (Stoermer  and  Yang, 
1969). 

Cyclotella  comta  (Ehr.)  Kiitzing 
Figs.  9-12,  22-30 

Reference:  Hustedt  1930;  99,  Fig.  69.  CAS  No.  61078. 

The  cells  are  cylindrical  with  con- 
centrically undulating  valves.  The  valves  are 
concave  or  convex.  Species  from  Lake  Tahoe 
vary  from  15-40  ju.m  in  diameter.  The  mar- 
ginal striae  form  a  zone  approximately  half 
the  radius.  At  the  margin  of  the  valve,  the  al- 
veolae (Figs.  24,25)  appear  as  short  darkened 


striae  under  the  light  microscope  (Fig.  12). 
The  areolae  of  the  central  area  are  radiating 
or  irregular  (Figs.  22,23).  This  species  clearly 
displays  2-3  well-defined  labiate  processes 
set  out  by  shortened  marginal  striae.  The  la- 
biate processes  are  not  as  well  developed  in 
the  initial  cell  form  as  they  are  in  the  valve 
of  later  developed  cells  (Figs.  27,30). 

Distinguishing  characteristics:  isolated 
punctae  and  shortened  dark  marginal 
substructures. 

Distribution  in  Lake  Tahoe:  common. 

Ecology:  alkaliphilous,  oligohalobus  (indif- 
ferent), mesosoprobic,  euplanktonic  (Lowe 
1974),  eutrophic  (Van  der  Werff  1957). 


Cyclotella  ocellata  Pantocsek 

Figs.  4,5,8,18 

References:  Pantocsek  1902:  PI.  15,  Fig.  318;  Hustedt 
1930:  100,  Fig.  68;  Schmidt  1906:  PI.  266,  Figs.  8,9; 
Cleve-Euler  1951:  Figs.  64s-v.  CAS  No.  60946. 

Cells  cylindrical,  always  found  singly. 
Valve  surface  flat  to  slightly  concave.  Valve 
diameters  from  8-11  /xm.  The  marginal  striae 
are  irregular,  15  in  10  jum.  The  marginal 
striae  zone  is  slightly  less  than  half  the  radius 
in  width.  The  central  area  is  usually  found 
with  three  distinct,  symmetrically  distributed 
areolae,  although  specimens  with  4-5  areolae 
have  been  observed.  Cleve-Euler  (1951)  has 
suggested  that  C.  ocellata  be  included  within 
the  species  C.  kutzingiana  (Thwaites)  Chau- 
vin  as  the  variety  planetophora.  C.  ocellata 
has  not  been  found  in  sufficiently  large  num- 
bers to  give  more  definitive  diameters  or 
structural  variations. 

Distinguishing  characteristics:  Large  punc- 
tae in  the  central  area  symmetrically 
arranged. 

Distribution  in  Lake  Tahoe:  infrequent. 

Ecology:  alkaliphilous,  oligohalobus  (indif- 
ferent), periphytic  (Lowe  1974). 


Cyclotella  stelligera  Cleve  and  Grunow 

Figs.  1-3,13-17 

References:  Hustedt  1930:  100,  Fig.  65;  Cleve-Euler 
1951:  43,  Fig.  52.  CAS  No.  60947. 

The  single  cylindrical  cells  are  con- 
centrically undulated,  with  the  marginal 
striae  zone  one-third  the  radius.  Ornamenta- 
tion  of  the   marginal   zone   is  composed  of 
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Figs.  22-25.  Cychtelhi  comta:  22,  external  view  of  convex  valve,  irregular  central  area,  two  isolated  labiate  pores 
within  the  marginal  striae;  23,  external  view  concave  valve;  24,  internal  view,  concave  valve,  two  labia  across  from 
one  another;  25,  internal  view  of  concave  valve,  radial  alveolae  pattern.  Scale  =  10  ixm.  SEM. 
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Figs.  26-30  Cyclotella  cornta  (SEM):  26,  external  view  of  whole  cell  (scale  =  10  jum);  27,  detail  of  labiate  pore  of 
vegetative  cell  (Fig.  23)  (scale  =  1  fim)-  28,  external  view  of  initial  cell  (scale  =  10  /xm);  29,  internal  view  of  initial 
cell  (scale  =  10  ;um);  30,  detail  of  labiate  area  of  initial  cell  (Fig.  28)  (scale  =  1  fim). 


prominent  alveolate  striae,  10-12  in  10  jum. 
These  striae  are  composed  of  small  areolae 
(Figs.  13,16).  The  central  area  is  composed  of 


a  single  large  areola  surrounded  by  a  stellate 
arrangement  of  5-6  areolae,  although  the 
stellate  arrangement  may  vary  considerably. 
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Figs.  31-41.  Melosira  spp.:  31-.39,  M.  iUilica,  girdle  views;  40,  x\/.  granidata,  pronounced  marginal  spines;  41,  M. 
undulahi,  girdle  view,  thickening  of  mantle  toward  lower  edge  of  mantle. 

The  presence  of  the  central  areola  clearly  form  is  characterized  by  marginal  striations 
separates  this  species  from  C.  glomerata  similar  to  those  of  normal  vegetative  cells,  al- 
Bachmann.  Ornamentation  of  the  initial  cell      though  the  central  area  of  the  initial  cell  is 
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more  irregularly  arranged  (Fig.  15).  The  ini- 
tial cell  is  spherically  developed  and  can  be 
distinguished  from  the  flat  or  slightly  convex 
vegetative  cells  (Figs.  14,17).  C.  stelligera 
from  Lake  Tahoe  vary  from  3-11  jum  in 
diameter. 

Distinguishing  characteristics:  stellate  ar- 
rangement of  the  central  areolae  with  a  cen- 
tral areola. 

Distribution  in  Lake  Tahoe:  frequent. 

Ecology:  eutrophic,  oligohalobus  (indiffer- 
ent), periphytic  (Lowe  1974). 

Mehsira  distans 
var.  alpigena  Grunow 

Figs.  39,48 

The  cells  are  cylindrical,  with  the  valve 
mantles  parallel.  The  poroid  ornamentation 
of  the  valve  is  parallel  to  the  pervalvar  axis. 
The  margin  of  the  valve  is  furnished  with  rel- 
atively short  spatulate  spines  (Fig.  48)  that 
mesh  with  the  adjacent  cell. 

Distinguishing  characteristics:  The  mantle 
is  shorter  than  M.  italica  (Ehr.)  Kiitzing  and 
more  heavily  silicified  (Stoermer  and  Yang 
1969). 

Distribution  in  Lake  Tahoe:  rare. 

Ecology:  acidophilous,  oligotrophic,  oli- 
gosaprobic  (Van  der  Werff  1957),  oeriphytic 
(Lowe  1974). 


Mehsira  granulata  (Ehr.)  Ralfs 
Fig.  40 

Reference:  Hustedt  1930:  87,  Fig.  44 

The  cells  are  cylindrical,  valve  mantle  par- 
allel, valve  face  flat,  with  poorly  developed 
pseudosulcus.  The  ornamentation  of  the 
valve  is  variable.  The  valve  margin  is  fur- 
nished with  a  corona  of  irregular  spines  with 
longer  spines  overlapping  the  next  cell  in  the 
colony.  In  a  few  cells  observed,  spines  often 
extended  the  length  of  the  mantle  of  the  next 
cell.  Alveolae  are  arranged  obliquely  along 
the  pervalvar  axis.  So  few  individuals  of  the 
species  were  foimd  in  the  samples  that  no 
reasonable  estimate  of  the  species  size  could 
be  made.  Hustedt  (1930)  found  the  range  to 
be  5-21  jum  in  diameter  and  5-18  jum  in 
mantle  height. 

Distinguishing  characteristics:  irregular, 
long  marginal  spines. 


Distribution  in  Lake  Tahoe:  rare  in  plank- 
ton, common  in  Emerald  Bay  periphyton. 

Ecology:  alkaliphilous,  eutrophic,  oligoha- 
lobous  (indifferent),  euplanktonic  (Lowe 
1974). 


Mehsira  italica  (Ehr.)  Kiitzing 

Figs.  31-38,46,47 

References:  Hustedt  1930:  92,  Fig.  52;  Cleve-Euler 
1951:  26,  Fig.  16e.  CAS  No.  60949. 

The  cells  are  cylindrical,  valve  mantle  par- 
allel, valve  face  flat,  with  an  extremely  small 
pseudosulcus.  Under  the  light  microscope  the 
pseudosulcus  appears  deeply  incised,  forming 
a  right  angle  with  the  mantle.  The  sulcus  ex- 
tends about  half  the  radius  of  the  lumen  (Fig. 
47).  The  valve  surface  is  irregularly  alveolate. 
The  margin  of  the  valve  is  furnished  with  a 
corona  of  small  spines  that  mesh  with  the 
corresponding  structures  of  the  adjacent  cell 
(Fig.  46).  Ornamentation  of  the  valve  mantle 
is  composed  of  a  linear  to  spiral  arrangement 
of  circular  to  elongate  alveolae  (Figs. 
36,38,46).  The  valve  mantle  varies,  6-17.5 
jLim  in  length,  and  the  valve  diameter  varies 
from  6.5-18  jum. 

Distinguishing  characteristics:  corona  with 
regular  denticulate  structures  and  lacking  the 
pronounced  spine  of  M.  granidata.  M.  italica 
can  be  distinguished  from  M.  amhigtia 
(Grun.)  O.  Miiller  by  the  extremely  small 
pseudosulcus. 

Distribution  in  Lake  Tahoe:  common. 

Ecology:  alkaliphilous,  oligohalobus  (indif- 
ferent), periphytic  (Lowe  1974),  mesotrophic, 
mesohalobus,  oligosaprobic  (Van  der  Werff 
1957). 


Mehsira  undulata  (Ehr.)  Kiitzing 

Fig.  41 

Reference:  Hustedt  1927:  243,  Fig.  102. 

The  cells  are  cylindrical,  valve  mantle  par- 
allel, with  a  flat  valve  face  forming  a  very 
small  pseudosulcus.  The  mantle  ornamenta- 
tion is  composed  of  parallel  fine  punctae  ar- 
ranged along  the  pervalvar  axis.  Conspicuous 
mucous  pores  form  a  ring  one-fourth  to  one- 
third  the  distance  between  the  valve  and  the 
girdle  edge.  Although  the  external  mantle 
walls  are  parallel,  the  inner  surface  of  the 
wall  is  clearly  undulated  (Fig.  41).  The  undu- 
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Figs.  42-45.  Melosira  varians,  girdle  views.  Scale  =  lOjum.  LM. 


lation  is  seen  as  a  varying  thickness  of  the 
wall,  with  the  thickest  portion  about  two- 
thirds  below  the  valve  face.  Hustedt  (1927) 


found  this  species  to  have  a  diameter  of 
16-18  jum  and  a  mantle  height  of  20-35  jum. 
M.  varians  C.  A.  Agardh  appears  to  be  sim- 
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Figs.  46-49.  Melosira  italica  (SEM):  46,  girdle  and  valve  view  (scale  =  10  iim);  47,  same,  view  of  sulcus  (scale  =  1 
|ixm);  48,  M.  distans  var.  alpigena,  view  of  sulcus  and  spatulate  spines  (scale  =  1  iim);  49,  M.  varians,  girdle  and  valve 
view,  copulae  (scale  =  10  jum). 


ilar,  although  the  thickening  is  much  reduced 
and  lacks  the  mantle  ornamentation  of  M. 
undulata. 

Distinguishing    characteristics:    large    size 


and  distinctive  parallel  punctae. 

Distribution  in  Lake  Tahoe:  infrequent  in 
plankton. 

Ecology:  oligotrophic  (Cleve-Euler  1951). 
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Figs.  50-55.  Sfephanodiscus  spp.;  50,  valve  view;  51,  52,  same,  left  side  focused  on  margin,  right  side  focused  on 
central  area;  .5.3,  same,  three-fourths  view  of  convex  valve;  54,  same,  girdle  view  of  recently  divided  cell;  55,  S.  carco- 
nensis,  valve  view,  left  side  focused  on  central  area,  right  side  focused  on  margin. 


The  cells  are  cylindrical,  valve  mantle  par- 
allel, valve  face  flat  with  a  very  inconspic- 
^  ,        uous     pseudosulcus.     The     much-reduced 

References:   Hustedt    19.30:   85,   Fig.   41;   Cleve-Euler  ,    ^  ,  •  ^i  ^f   „    U^ 

951:  29,  Fie  20.  CAS  No.  60950.  pseudosulcus  gives  the  appearance  of  a  ho- 


Melosira  varians  C.  A.  Agardh 

Figs.  42-45,49 
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mogenoiLS  wall  thickness.  The  ornamentation 
of  the  valve  face  and  the  irregular  fine  punc- 
tae  of  the  mantle  can  only  be  resolved  with 
difficulty,  using  the  light  microscope.  The 
valve  diameter  varies  from  13-29  jam. 

Distinguishing  characteristics:  rectangular 
shape  in  girdle  view  and  the  lack  of  visible 
ornamentation. 

Distribution  in  Lake  Tahoe:  infrequent. 

Ecology:  alkaliphilous,  eutrophic,  oligoha- 
lobus  (indifferent).  Mesosaprobic,  periphytic 
(Lowe  1974). 


Stephanodiscus  alpinus  Hustedt 

Figs.  50-54,56-58 

References:  Hustedt  1930:  110,  Fig.  86;  Cleve-Euler 
1951;  53.  Figs.  70e,f.  CAS  No.  60951.  ' 

The  cells  are  cylindrical  with  con- 
centrically undulating  valves.  The  valve  face 
is  concave  or  convex,  10-29  jum  in  diameter 
(Figs.  56,58).  The  strong  radial  striae  are  sep- 
arated by  a  very  narrow  hyaline  rib,  with 
8-11  ribs  in  10  /xm  at  the  margin.  The  mar- 
ginal striae  are  composed  of  three  rows  of 
fine  areolae,  18-20  areolae  in  10  jum  (Fig.  56) 
to  about  one-third  the  radius,  where  they  be- 
come either  bipunctate  or  unipunctate  to  the 
center  of  the  valve.  The  marginal  striae  have 
a  zigzag  appearance  under  the  light  micro- 
scope (Figs.  51,52).  The  marginal  spines  are 
located  at  the  junction  of  the  hyaline  rib  and 
the  mantle,  with  one  spine  per  rib.  Strutted 
processes  are  irregularly  arranged  on  the 
mantle  just  below  the  marginal  spines.  The 
mantle  (Figs.  56,58)  is  finely  punctate  up  to 
the  radial  striations,  without  the  separating 
hyaline  area  as  reported  by  Stoermer  and 
Yang  (1969). 

A  comparison  of  the  major  morphological 
structures  were  made  between  the  species 
originally  designated  as  Stephanodiscus  as- 
traea  var.  minutula  (Kutz.)  Grunow  from 
Lake  Tahoe  material  and  Stephanodiscus  al- 
pinus Hustedt  and  Ruttner  from  Grundlsee 
(Mahood  1978).  The  measurements  taken  on 
Lake  Tahoe  material  compared  more  closely 
to  the  samples  and  descriptions  of  S.  alpinus 
by  Stoenner  and  Yang  (1969)  and  Huber-Pes- 
talozzi  (1942).  An  extensive  discussion  of  the 
S.  astraea  var.  minutula-S.  alpinus  question 
by  Theriot  and  Stoermer  (1982)  substantially 
agrees  with  our  findings.  In  our  examination 


of  Hustedt's  slide  number  7,  from  the  H.  E. 
Sovereign  collection  (Mahood  1978),  it  ap- 
pears that,  when  the  diameter  of  the  Steph- 
anodiscus has  a  range  of  10-17  jum,  there  is 
one  spine  at  the  end  of  each  rib  and  the  cen- 
tral area  is  irregular.  When  the  diameter  is 
19-45  jam  the  arrangement  of  the  spines  is  ir- 
regular and  the  central  area  is  radial.  When 
Stephanodiscus  from  Lake  Tahoe  and  S.  al- 
pinus from  Hustedt's  slide  number  10  from 
the  Sovereign  collection  were  compared  to 
the  smaller  Stephanodiscus  on  Hustedt's  slide 
7,  we  concluded  that  in  each  case  the  mea- 
surements match  the  description  for  S. 
alpinus. 

Distinguishing  characteristics:  strong  radial 
striations  and  marginal  spines  at  the  end  of 
each  rib. 

Distribution  in  Lake  Tahoe:  common. 

Ecology:  alkalibiontic,  oligohalobus  (indif- 
ferent), euplanktonic  (Lowe  1974),  eutrophic 
(Stoermer  and  Yang  1969). 


Stephanodiscus  carconensis  Grunow 

Fig.  55 

References:  DeToni  1894;  Schmidt  1901;  PI.  228,  Figs. 
5-6,9-10.  CAS  No.  60952. 

The  cells  are  disk  shaped,  approximately 
49  jam  in  diameter.  There  are  15  striae  in  10 
jam  at  the  margin,  with  5-7  striae  between 
thickened  hyaline  ribs.  The  central  area  is 
granular.  The  marginal  areolae  extend  to- 
ward the  central  area  to  form  hyaline  riblike 
structures.  The  spines  are  submarginal. 

This  species  is  typically  thought  to  be  a 
fossil  form.  However,  Elmore  (1921)  reported 
this  species  in  the  living  state  from  Devil's 
Lake,  North  Dakota.  It  is  also  reported  alive 
in  Biwa  Lake,  Japan  (Skvortzow  1936).  It  is 
difficult  to  justify  the  inclusion  of  S.  carco- 
nensis in  the  Lake  Tahoe  algal  community 
on  the  basis  of  the  collection  of  a  single 
valve,  and  its  presence  is  simply  noted. 

Distinguishing  characteristics:  very  pro- 
nounced hyaline  ribs  and  granular  central 
area. 

Distribution  in  Lake  Tahoe:  very  rare. 


Discussion 

Light   microscopy   and  scanning   electron 
microscopy  photographs  are  presented  to  aid 
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Figs.  56-58.  Stephanodiscus  alpinus:  56,  external  view  of  concave  valve  showing  spines  at  margin  of  each  rib;  57, 
internal  view  of  valve,  strutted  processes  beneath  spines,  convex;  58,  external  view  of  convex  valve.  Scale  =  10  ^m. 
SEM. 
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in  the  identification  of  some  difficult  species. 
It  is  not  our  intent  to  rely  on  SEM  as  a  means 
of  species  identification,  but  rather  as  a  tech- 
nique that  can  assist  the  light  microscopist  in 
pragmatic  investigations  involving  some  of 
tlie  more  important  species. 

Tlie  denticulate  structure  of  Melosira  ital- 
ica  are  seen  as  sharp,  well-defined  spines, 
whereas  the  corona  of  M.  distans  var.  alpi- 
gena  can  be  seen  as  spatulate  ended  spines 
(Figs.  46,48).  The  coronal  structures  of  M. 
distans  var.  alpigena  are  extremely  difficult 
to  resolve  even  under  optimum  conditions  of 
light  microscopy.  In  this  case  the  SEM  pho- 
tographs may  assist  the  investigator  in  a  more 
accurate  separation  of  these  species  in  initial 
investigations  of  the  commimity. 

The  very  small  forms  of  Cyclotella  stelli- 
gera  range  from  3.5-10  jum  in  diameter  and 
present  the  light  microscopist  with  a  most 
difficult  task.  The  characteristics  of  C.  stelli- 
gera,  a  stellate  central  area  and  central 
areola,  are  only  positively  verified  under  op- 
timimi  conditions.  For  original  positive  iden- 
tification within  a  community,  C.  stelligera 
must  be  cleared  and  mounted  in  Hyrax  or 
other  appropriate  high  refractive  index  me- 
dium. The  SEM  photographs  of  this  species 
(Fig.  14-15,17)  have  given  additional  and 
confirming  information,  especially  regarding 
the  silicified  auxospore  or  initial  cell  (Anony- 
mous 1975). 

Of  particular  importance  are  the  SEM 
photographs  of  the  initial  cell  forms  of  both 
Cyclotella  stelligera  (Figs.  14-15,17)  and  C. 
comta  (Figs.  28-29).  In  light  microscopy  the 
initial  cell  of  C.  stelligera  does  not  resolve 
well,  making  identification  based  on  the  stel- 
late central  area  almost  impossible.  Since  the 
initial  cell  is  almost  spherical,  the  problem  is 
further  complicated  by  depth  of  field.  The 
SEM  photograph  of  C.  stelligera  (Fig.  17) 
shows  the  imperfectly  formed  central  area 
while  clearly  showing  the  development  of 
the  alveolate  striae. 

The  SEM  photographs  of  the  initial  cell 
fonn  of  C  comta  (Figs.  28-30)  may  offer  a 
partial  solution  to  the  continuing  discussion 
of  C.  comta-C.  bodanica  complex  in  that  the 
initial  cell  of  C.  comta  resembles  C.  bodanica 
in  the  length  of  the  marginal  striae.  From  the 
SEM  photographs  the  apparent  difference, 
length  of  striae,  between  the  two  may  be  due 


to  the  spherical  shape  (Fig.  28),  poor  devel- 
opment of  the  striae  (Fig.  30),  and  the  ac- 
companying difficulties  with  depth  of  field 
when  the  initial  cell  is  viewed  with  the  light 
microscope.  The  characteristics,  marginal 
striae  half  the  radius,  of  C.  comta  are  seen  in 
the  vegetative  cell  (Figs.  22-27)  but  not  in 
the  initial  cell  forms.  The  evidence  seems  to 
indicate  that  C.  comta  is  the  acceptable  iden- 
tification for  the  morphological  character- 
istics ascribed  to  C.  comta  in  Hustedt  (1930). 

To  ensure  consistent  and  accurate  identi- 
fication of  species  treated  in  this  paper,  indi- 
vidual centered,  mounted  specimens  were 
verified  by  the  following  diatom  taxonomists: 
G.  Collins  and  B.  McFarland,  United  States 
Environmental  Protection  Agency,  Cincin- 
nati, Ohio;  S.  Van  Landingham,  Cincinnati, 
Ohio;  C.  L.  Christensen,  Iowa  Academy  of 
Sciences,  Waterloo,  Iowa;  E.  F.  Stoermer, 
University  of  Michigan,  Ann  Arbor,  Mich- 
igan; R.  Firth,  Seaforth,  England. 
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DISTRIBUTION  OF  SHORE  BUGS  AND  SHORE  FLIES 
AT  SYLVAN  SPRINGS,  YELLOWSTONE  NATIONAL  PARK 

Vincent  H.  Resh'  and  Mark  A.  Barnby' 

Abstract.—  Three  species  of  shore  bugs  (Hemiptera:  Saldidae)  and  10  species  of  brine  flies  (Diptera:  Ephydridae) 
were  collected  at  Sylvan  Springs  (Wyoming  section  of  Yellowstone  National  Park,  USA),  an  area  containing  both  acid 
and  alkaline  thermal  springs.  The  fauna  consists  of  both  widespread  (e.g.,  shore  bugs  Salduki  comatula  Parshley  and 
SuUiiki  explonata  [Uhler]  and  shore  flies  Atissa  litoralis  [Cole]  and  Scatelki  stagnaUs  [Fallen])  and  Yellowstone 
Park-endemic  species  (e.g.,  Saldula  nr.  arenicola  and  the  shore  fly  Ephtjdra  thcrmophila  Cresson).  The  ratio  of  adults 
to  nymphs  of  the  numerically  dominant  shore  bug  Saldula  nr.  arenicola  is  higher  along  heated  margins  (11-12:1) 
than  along  near-ambient-temperature  margins  (0.6-2:1)  of  a  thermal  channel  at  Sylvan  Springs;  this  may  reflect  dif- 
ferences in  food  availability,  osmoregularity,  thermal  tolerance,  predation,  or  other  factors.  Shore  flies  include  spe- 
cies typical  of  acid  (£.  thennophila)  and  alkaline  {Paracocnia  bisetosa  [Coquillett]  and  Paracoenia  turbida  [Curran]) 
springs. 


The  insect  fauna  of  thermal  springs  has 
been  of  interest  to  biologists  worldwide  (Tux- 
en  1944,  Winterboum  1968),  but  most  atten- 
tion in  North  America  has  been  focused  on 
the  inhabitants  of  thermal  areas  in  Yellow- 
stone National  Park  (Montana,  Idaho,  but 
mainly  Wyoming,  USA).  Early  studies  by 
Brues  (1924,  1932)  on  the  distribution  of  in- 
sects in  Yellowstone  thermal  springs  exam- 
ined the  faunal  diversity  of  such  habitats,  and 
more  recent  studies  such  as  Wiegert  and  Mit- 
chell (1973),  Collins  (1975),  and  Collins  et  al. 
(1976)  have  shown  that  such  habitats  are  use- 
ful field  laboratories  for  examining  con- 
ceptual aspects  of  insect  ecology. 

In  Yellowstone  Park  hot  springs,  the  distri- 
bution of  at  least  some  species  of  shore  flies 
(Diptera:  Ephydridae)  may  be  related  to  the 
pH  of  these  spring  habitats  (Wirth  1971). 
Since  Sylvan  Springs  is  an  area  of  the  Park 
that  contains  both  alkaline  and  acid  springs, 
the  fauna  was  examined  to  determine  wheth- 
er insect  species  described  as  typical  in- 
habitants of  acid,  alkaline,  or  both  spring 
types  occur  in  this  area. 

Methods 

Brock  (1978,  Table  2.3)  reported  the  water 
chemistry  of  12  of  the  many  springs  that 
comprise  Sylvan  Springs.  Two  of  these  12 
springs  were  alkaline  (pH  values  of  7.2  and 


8.3),  whereas  the  remaining  10  were  acidic 
(pH  of  1.8-5.3).  At  Sylvan  Springs  the  green 
alga  Cyanidiuni  caldariian  occurs  in  the  out- 
flows of  acidic  springs  at  pH<4,  and  it  is  the 
sole  photosynthetic  organism  inhabiting 
spring  outflows  where  temperatures  are  be- 
tween 40  and  57  C  (Brock  1978).  A  large  mat 
of  the  green  alga  Zygogonium  is  also  present 
at  Sylvan  Springs  (Lynn  and  Brock  1969).  Al- 
though this  mat  is  adjacent  to  thermal  areas, 
the  water  temperatures  in  the  mat  are  close 
to  those  of  ambient  air. 

Shore  bugs  (Hemiptera:  Saldidae)  and 
shore  flies  (Diptera:  Ephydridae)  were  col- 
lected on  16  August  1982  from  the  periphery 
of  the  Zygogonium  mat  and  along  the  mar- 
gins of  the  main  channel  into  which  many  of 
the  springs  at  Sylvan  Springs  flow.  Along  this 
channel,  which  is  approximately  150  m  in 
length,  water  temperature  ranged  from  be- 
low that  of  ambient  air  (which  was  27  C  at 
time  of  collections)  up  to  54  C.  The  area  in 
which  all  collections  were  made  is  described 
by  Brock  (1978,  Fig.  2.4,  the  lower  quarter  of 
the  map);  approximately  500  m^  of  habitat 
was  sampled. 

Results 

Shore  Bugs 

Although  the  saldid  Micracanthia  qtiad- 
rimaculata  (Champion)  has  been  reported  to 
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be  abundant  on  and  around  the  Zygogoniwn 
mats  of  Yellowstone  Park  acid  springs  (Col- 
lins 1972),  we  did  not  collect  this  species  on 
this  algal  mat  or  in  any  other  area  of  Sylvan 
Springs.  Instead,  the  numerically  dominant 
shore  bug  was  an  undescribed  species  of  Sal- 
dula,  in  the  arenicola  group  of  this  genus. 
This  species  appears  to  be  endemic  to  ther- 
mal springs,  and  possibly  to  Yellowstone  Park 
(J.  T.  Polhemus,  unpubl.  data).  Since  the  en- 
tire arenicola  group  requires  taxonomic  revi- 
sion (J.  T.  Polhemus,  pers.  comm.),  this  spe- 
cies will  not  be  described  here. 

Two  other  species  of  shore  bugs  were  col- 
lected at  Sylvan  Springs,  Saldula  comatula 
Parshley  and  Saldula  explanata  (Uhler).  Both 
species  are  widely  distributed  throughout  the 
western  U.S.  and  Canada  (Polhemus  and 
Chapman  1979). 

Within  the  Sylvan  Springs  area,  S.  nr. 
arenicola  occurs  on  the  ambient-temperature 
Zygogonium  mat  and  along  the  margins  of 
the  main  thermal  channel.  Individuals  of  this 
species  that  occur  along  the  channel  margins 
where  water  temperature  is  above  40  C  die  if 
they  fall  into  the  heated  water.  This  species  is 
unusually  slow  moving  compared  to  most 
species  of  Saldidae,  and  a  similar  "sluggish- 
ness" has  been  reported  for  Saldtila  usingeri 
Polhemus  from  a  California  thermal  spring 
(Polhemus  1967).  This  behavior  may  be  an 
adaptation  to  avoid  accidentally  landing  in 
lethal  thermal  waters. 

The  distribution  of  nymphs  and  adults  of  S. 
nr.  arenicola  varies  along  the  thermal 
gradient  of  the  main  Sylvan  Springs  channel. 
The  ratio  of  adults  to  nymphs  is  11:1  where 
water  temperature  is  54  C  and  12:1  at  42  C. 
In  contrast,  at  temperatures  of  30  C  the  ratio 
is  less  than  2:1,  at  27  C  it  is  1:1,  and  at  24  C 
it  is  0.6:1. 

Saldula  comatula  and  S.  explanata  did  not 
occur  along  the  thermal  portions  of  the  chan- 
nel that  were  occupied  by  S.  nr.  arenicola. 
Both  species  were  limited  to  the  ambient 
temperature  areas  of  the  channel  that  were 
near  the  juncture  of  Sylvan  Springs  with  the 
surroimding  meadow  and  forest  areas. 


Shore  Flies 

Ten  species  of  Ephydridae  were  collected 
at  Sylvan  Springs  (Table  1).  Eggs,  larvae,  and 


pupae  of  E.  thermophila,  the  only  ephydrid 
collected  in  the  Zygogonium  mat,  were  found 
in  small  pools  of  spring  water;  these  ambient- 
temperature  pools  were  approximately  1-3 
cm  deep  and  had  no  discernible  flow.  In  con- 
trast, Collins  (1975)  reported  that  high  den- 
sities of  E.  thermophila  eggs  and  larvae  only 
occurred  in  the  portions  of  a  Zygogonium 
mat  that  were  near  outflows  with  high  tem- 
peratures and  concentrations  of  interstitial 
algae. 

Adults  of  only  3  shore  fly  species,  E. 
thermophila,  S.  stagnalis,  and  A.  litoralis,  oc- 
curred along  the  heated  margins  of  the  main 
channel,  although  all  10  shore  fly  species  list- 
ed in  Table  1  occurred  along  margins  where 
water  temperature  was  near  that  of  ambient 
air.  The  above-named  three  species  together 
comprised  almost  90%  of  all  shore  flies  col- 
lected (Table  1);  this  was,  at  least  in  part,  be- 
cause their  distribution  covered  more  of  the 
areas  of  Sylvan  Springs  that  we  examined. 

Since  Sylvan  Springs  is  used  by  park  natu- 
ralists in  their  interpretive  programs,  the  im- 
mature stages  of  shore  flies  within  the  ther- 
mal effluents  were  not  quantitatively 
collected  because  such  sampling  would 
drastically  alter  the  appearance  of  this  habi- 
tat. However,  the  four  benthic  collections 
that  were  made  indicated  that  far  more  shore 
fly  larvae  and  pupae  occurred  in  the  cooler 
than  in  the  heated  portions  of  Sylvan  Springs. 


Discussion 

Tlie  shore  bug  and  shore  fly  components  of 
the  Sylvan  Springs  fauna  consist  of  some  spe- 
cies that  are  apparently  endemic  to  Yellow- 
stone Park  (e.g.,  S.  nr.  arenicola,  E.  thermo- 
phila), and  others  that  are  more  widespread 
in  their  distribution  (e.g.,  S.  explanata,  S. 
stagnalis).  The  shore  bug  M.  quadrimaculata 
that  was  previously  reported  as  an  inhabitant 
of  Yellowstone  Park  acid  springs  closely  re- 
sembles Saldula  spp.  in  appearance  and  may 
have  been  misidentified  in  earlier  studies. 

The  changing  ratio  of  S.  nr.  arenicola 
adults  to  nymphs  along  the  Sylvan  Springs 
channel  in  which  higher  proportions  of  adults 
were  found  in  heated  areas,  but  higher  pro- 
portions of  nymphs  were  found  in  cooler 
areas,  is  similar  to  a  pattern  reported  long 
ago  by  Hubbard  (1892)  for  adults  and  larvae 
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of  the  carabid  beetle  Nebria  in  Yellowstone 
Park  hot  spring  effluents.  Such  a  pattern 
could  result  from  factors  that  favor  nymphs 
in  the  cooler  areas  or  adults  in  the  heated 
areas,  or  factors  detrimental  to  nymphs  in  the 
heated  areas  or  adults  in  the  cooler  areas. 

Increased  numbers  of  nymphs  along  the 
cooler  margins  could  result  from  S.  nr.  areni- 
cola  adults  selectively  ovipositing  in  areas 
that  contain  more  abundant  food.  Collins 
(1972)  described  the  saldids  in  these  habitats 
as  saprovores,  whereas  our  studies  with  other 
species  of  Saldida  suggest  that  they  may  be 
at  least  facultative  predators  of  shore  fly  lar- 
vae. With  either  type  of  feeding  though,  the 
benthic  samples  that  were  made  indicate  that 
more  potential  food  sources  occur  in  the 
cooler  areas  of  the  main  channel. 

Increased  numbers  of  adults  along  the 
heated  margins  could  be  related  to  os- 
moregulative  or  reproductive  activities.  For 
example,  sexually  active  adults  of  Saldula  sal- 
totoria  L.  required  high  humidity  micro- 


climates to  counter  loss  of  body  water  (Lind- 
skog  1968).  At  Sylvan  Springs,  higher  humid- 
ity microclimates  occur  along  the  heated 
spring  margins  and  might  influence  the  distri- 
bution of  S.  nr.  arenicola  adults. 

Since  food  resources  are  less  abundant 
along  the  heated  margins,  adult  shore  bugs 
may  cannibalize  their  conspecific  nymphs, 
and  consequently  reduce  the  relative  abun- 
dance of  nymphs  in  these  areas.  Decreased 
numbers  of  nymphs  along  the  heated  margins 
may  also  reflect  different  thermal  tolerances 
among  nymphal  and  adult  stages.  Larvae  of 
the  beetle  Nebria  that  Hubbard  (1892)  re- 
ported as  more  abundant  in  the  cooler  por- 
tions of  hot  spring  effluents  probably  occur 
there  because  of  the  low  thermal  tolerance  of 
the  larvae  (D.  H.  Cavanaugh,  pers.  comm.). 

Finally,  decreased  numbers  of  adults  along 
the  cooler  margins  could  result  from  selective 
predation  by  insectivorous  birds,  such  as  kill- 
deer,  Charadnus  vociferous,  that  are  resident 
to  Sylvan  Springs.  Brock  and  Brock  (1968) 


Table  1.  Adult  shore  flies  collected  at  Sylvan  Springs,  which  is  in  the  Wyoming  section  of  Yellowstone  National 
Park. 


Species  collected 


Total  flies 
collected  (%) 


Distribution 


Atissa  litoralis  (Cole) 

ScateUa  stagnalifi  (Fallen) 
Epln/dra  thennoplula  Cresson 


Lamproscatella  arichaeta  Mathis 

Scatopliila  sp. 

Paracoenia  bisetosa  (Coquillett) 

and 

Faracoenia  turhida  (Curran) 

ScateUa  pahidtim  (Meigen) 

Disrocerina  obscurella  (Fallen)? 
Notiplula  dccoris  Williston 


55  Primarily  east  to  midwest,  but  also  in  far  western 

U.S.  (Sturtevant  and  Wheeler  1953). 
18  Nearctic  and  Europe  (Sturtevant  and  Wheeler  1953). 

14  Endemic  to  Yellowstone  Park:  Frying  Pan  Springs, 

Norris  Annex  Hot  Springs,  Nymph  Creek,  Sylvan 
Springs,  Mud  Volcano  Springs  (Wirth  1971); 
Sylvan  Springs  (Collins  1972,  1975). 
6  Mainly  west  of  the  100th  meridian,  between  32°  and 

49°  north  latitude  (Mathis  1979a); 
In  Yellowstone  Park:  Upper  Geyser  Basin  (collected 
in  1916  by  A.  L.  Melander  [Mathis  1979a]). 
4  Taxonomic  difficulties  in  group  preclude  further 

identification  of  species. 
1  Both  species  primarily  in  western  North  .\merica 

(Mathis  1975); 
In  Yellowstone  Park:  (localities  may  refer  to  either  or 
both  species)  Lower  Geyser  Basin  (Brock  et  al. 
1969,  Wiegert  and  Mitchell  1973,  Collins  1977, 
Kuenzel  and  Wiegert  1977);  Nez  Perce  Spring 
(Collins  et  al.  1976). 
1  Holarctic; 

In  Yellowstone  Park:  Sylvan  Springs  (Collins  1972, 
1977). 

<  1  Species  is  Holarctic,  but  taxonomic  difficulties  in 

group  preclude  positive  identification  of  species. 

<  1  Mainly  west  of  the  100th  meridian,  from  Manitoba 

southward  into  Mexico  (Mathis  1979b); 
In  Yellowstone  Park:  Old  Faithful,  Upper  Geyser 
Basin,  West  Thumb  Geyser  Basin,  White  Dome 
Geyser  vicinity  (Mathis  1979b). 
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noted  that  killdeer  catch  and  feed  on  insects 
that  occur  on  algal  mats  in  cooler  portions  of 
thermal  habitats.  These  birds  may  feed  more 
heavily  on  the  larger,  more  active  adults  of  S. 
nr.  arenicola  than  on  the  nymphs. 

There  are  other  possible  causes  of  the  ob- 
served pattern  as  well.  Age-specific,  diurnal, 
or  seasonal  migrations  may  occur  in  relation 
to  this  gradient,  and  these  movements  could 
produce  such  a  distribution.  However,  addi- 
tional research  is  needed  to  demonstrate 
which  of  the  above,  or  if  other,  unmeasured, 
factors  were  responsible  for  the  pattern 
observed. 

The  shore  fly  fauna  of  Sylvan  Springs  in- 
cludes species  that  have  been  reported  from 
either  only  acid  (e.g.,  £.  thermophila)  or  only 
alkaline  (e.g.,  P.  bisetosa  and  P.  turbida) 
springs.  Some  confusion  in  the  identification 
of  these  two  species  of  Poracoenia  in  Yellow- 
stone studies  has  lead  to  difficulties  in  inter- 
preting the  results  of  previously  published  re- 
search (Wirth  and  Mathis  1979),  but  both 
species  have  been  reported  as  occurring  in  al- 
kaline habitats  (Wirth  and  Mathis  1979, 
Table  2).  The  relative  abundance  of  acid- 
spring  and  alkaline-spring  species  at  Sylvan 
Springs  (e.g.,  E.  thennophila  14%,  Paracoenia 
spp.  1%,  Table  1)  reflects  the  pattern  that 
acid  springs  are  more  common  than  alkaline 
springs  in  this  habitat. 
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SIZE  AND  SEASONAL  ACTIVITY  PATTERNS  OF  ABUNDANT 
SYMPATRIC  SPIDER  SPECIES  IN  CACHE  COUNTY,  UTAH 

James  V.  Robinson' 

.'Vbstract.—  Of  the  eight  most  frequently  collected  spiders  at  a  northern  Utah  study  site,  each  of  two  species  em- 
ployed one  of  the  following  hunting  strategies:  pursuing,  web  building,  jumping,  and  ambushing.  Within  each  pair, 
size  differences  between  species  were  substantial  for  all  but  the  ambushers.  The  ambushers  had  different  seasonal  ac- 
tivity patterns,  as  did  the  web  builders. 


Spider  species  may  have  very  broad  food 
preferences  (Savory  1928,  Turnbull  1960, 
Riechert  1974,  Jackson  1977)  yet  still  obtain 
different  types  of  prey  because  of  seasonal 
activity  patterns,  size  differences,  habitat 
preferences,  and  hunting  strategies.  The  per- 
sistence of  spider  species  assemblages  at  a 
given  site  over  a  period  of  time  may  depend 
on  combinations  of  such  differences  being 
sufficient  to  reduce  interspecific  competition. 
This  report  documents  the  seasonal  activity 
and  size  patterns  of  the  eight  most  frequently 
collected  spider  species  at  a  northern  Utah 
study  site  near  Logan  and  makes  comparisons 
between  those  species  having  the  most  sim- 
ilar himting  strategies. 

It  is  difficult  to  evaluate  what  minimal 
separation  in  resource  utilization  is  required 
for  species  coexistence  in  natural  environ- 
ments. Most  theoretical  considerations  of  this 
question  have  involved  mathematical  analy- 
ses of  models  in  which  species  are  competing 
for  a  single  resoiu-ce  along  a  continuum  (May 
and  MacArthur  1972,  May  1973,  Roughgar- 
den  1979).  These  analyses  suggest  that  such 
species  can  coexist  if  the  means  of  their  re- 
source use,  along  the  continuum,  are  sepa- 
rated by  an  amount  larger  than  the  standard 
deviation  of  their  resource  use.  Prey  size  is  a 
frequently  considered  resource  continuum. 
Because  of  the  difficulty  of  obtaining  data  re- 
garding actual  diet,  inferences  are  often 
made  regarding  prey  size  separation  based  on 
the  relative  sizes  of  the  competing  predators. 
This  approach  originated  from  the  observa- 
tions of  Hutchinson  (1959)  on  corixid  insects 


and  his  tabulation  of  data  concerning  birds 
and  mammals.  He  concluded  that  sympatric 
species  having  similar  ecological  require- 
ments are  separated  by  an  average  ratio  of 
1.28  (range  1.1  to  1.4)  for  linear  body  mea- 
surements correlated  with  feeding.  More  re- 
cent support  for  this  notion  came  from  May 
(1973),  who  argued  that  competing  sympatric 
predators  must  have  their  linear  dimensions 
separated  by  a  ratio  of  1.2  to  1.4  for  them  to 
successfully  coexist  within  a  single  resource 
continuum.  Hutchinson  (1959)  also  argued 
that  organisms  that  must  obtain  their  own 
nourishment  throughout  life  unaided  by  par- 
ents and  that  also  have  annual  life  cycles  are 
under  different  selective  pressure  than  those 
that  only  procure  food  unaided  at  or  near 
their  adult  size.  He  hypothesized  that  coexis- 
tence of  the  former  type  of  species  required 
the  larger  of  the  two  species  to  begin  its  de- 
velopment prior  to  the  smaller  species.  Em- 
pirical evidence  exists  for  such  relationships 
among  some  spiders  (Enders  1976,  Uetz  1977, 
Peck  and  Whitcomb  1978). 

Considerable  variation  exists  in  the  hunting 
strategies  used  by  spiders  (Gertsch  1949,  Kas- 
ton  1948).  This  may  influence  the  suscepti- 
bility to  capture  of  different  prey  types, 
which  may  be  reflected  in  spider  community 
composition  (Balogh  and  Loska  1974  in 
Turnbull  1973,  Enders  1975,  Uetz  1977,  Hat- 
ley  and  MacMahon  1980,  Robinson  1981).  Al 
though  these  strategies  may  be  divided  into  a 
number  of  small  categories,  Robinson  (1981) 
found  it  useful  to  lump  the  spiders  considered 
here   into   four  guilds:    pursuers,   ambushers. 


'Department  of  Biology  and  Ecology  Center,  Utah  State  University,  Logan,  Utah  84322.  Present  address:  Department  of  Biology,  University  of  Texas,  .\r 
lington,  Texas  76019. 
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Fig.  1.  Numbers  of  individuals  of  the  two  dominant 
jumping  species  collected  per  10-day  interval  plotted 
against  date  for  1976  and  1977. 

jumpers,  and  web  builders;  this  procedure  is 
followed  in  this  paper. 

The  spectrum  of  prey  encountered  by  a 
spider  species  is  also  related  to  the  temporal 
patterns  of  abundance  and  activity  of  that 
spider  species.  Uetz  (1975)  found  that  sea- 
sonal species  richness  of  spiders  was  strongly 
correlated  with  the  seasonal  pattern  of  insect 
abundance.  He  suggested  that  increased  prey 
abundance  was  accompanied  by  more  niche 
overlap  for  spiders;  hence  more  species  of 
spiders  could  temporally  fit  into  the  commu- 
nity. Tretzel  (1955),  Uetz  (1975),  and  Peck 
and  Whitcomb  (1978)  also  report  that  tem- 
poral variation  is  an  important  factor  in  spi- 
der coexistence. 

Hatley  and  MacMahon  (1980)  and  Robin- 
son (1981)  suggest  that  spiders  may  partition 
the  vegetation  in  ways  that  improve  the 
hunting  efficiency  of  certain  species.  Jump- 
ing spiders  were  shown  to  prefer  open  habi- 
tat, and  web  building  spiders  of  the  genus 
Theridion  preferred  dense  habitat.  Other  mi- 
crohabitat  preferences  in  spiders  have  been 
reported  (e.g.,  Duffey  1962,  Judd  1965,  En- 
ders  1974,  Greenquist  and  Rovner  1976). 

Some  attributes  of  a  spider  community 
near  Green  Canyon,  Cache  County,  Utah, 
were  determined  to  evaluate  their  potential 
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Fig.  2.  Numbers  of  individuals  of  the  two  dominant 
ambushing  species  collected  per  10-dav  interval  plotted 
against  date  for  1976  and  1977. 

importance  as  coexistence  mechanisms.  Data 
pertaining  to  juvenile  emergence  dates,  sea- 
sonal activity  abundances,  and  seasonal  pat- 
terns of  body  lengths  are  here  presented. 

Methods 

A  spider  community  was  sampled  by  col- 
lecting all  individuals  present  on  modular 
habitat  units  left  in  the  field  for  a  pre- 
determined time  interval  (Robinson  1981). 
These  modular  habitat  units  consisted  exter- 
nally of  30.48  cm  (1  ft)  cubes  of  2.54  cm  (1 
in)  mesh  chicken  wire,  and  internally  of  vari- 
ous architectural  configurations  constructed 
of  5-ply  macrame  jute. 

All  sampling  took  place  on  the  Ronneville 
Lake  terrace  of  the  Bear  River  Range,  3.2  km 
northeast  of  Logan,  Utah,  near  the  mouth  of 
Green  Canyon.  The  site  was  dominated  by 
big  sage  {Artemisia  tridentata)  and  contained, 
among  other  herbaceous  species,  Balsamor- 
hiza  sagittata  and  Wyethia  amplexicauUs  in 
abundance. 

With  the  exception  of  several  members  of 
the  Erigoninae,  all  spiders  collected  were 
identified  to  species.  Species  identifications 
were  aided  by  reference  collections  devel- 
oped by  Hatley  and  Abraham  and  deter- 
mined by  W.  Gertsch.  Spider  body  lengths 
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Fig.  3.  Numbers  of  individuals  of  the  two  dominant 
pursuing  species  collected  per  10-day  interval  plotted 
against  date  for  1976  and  1977. 

were  measured  using  low  power  on  a  WILD 
model  M4  binocular  microscope  fitted  with 
an  ocular  micrometer;  this  permitted  resolu- 
tion to  approximately  0.07  mm.  Spinnerets 
were  not  included  in  measurements. 

All  species  present  were  a  priori  assigned 
to  one  of  the  following  four  hunting  guilds: 
pursuers,  ambushers,  jumpers,  or  web 
builders.  All  species  for  which  more  than  50 
individuals  were  collected  during  the  two 
field  seasons  studied  were  considered  suffi- 
ciently abundant  to  warrant  further  analysis. 

Data  pertaining  to  the  number  of  individ- 
uals collected  per  10-day  interval  and  the 
measured  body  lengths  of  the  most  abundant 
species  were  plotted  as  a  function  of  time.  In- 
dividuals were  separated  into  two  cohorts,  as- 
sumed to  represent  animals  of  the  current 
and  previous  year.  Separation  was  based  on 
either  the  presence  of  adult  characteristics  or 
the  approximate  body  size  expected  for  a  giv- 
en date.  This  latter  method  has  precedence  in 
entomology  (Drooz  1965,  Enders  1976).  Lin- 
ear regression  analyses  were  then  performed 
on  the  body  length  data  for  each  abundant 
species.  The  current  year's  cohorts  were  sep- 
arately analyzed  for  the  1976  and  1977  field 
seasons,  and  the  previous  year's  cohorts  were 
analyzed  only  for  1977  field  season  (the  be- 


100- 

a. 

Thertd(on  neomexicanum    1    \ 

50- 

Theridion  petraeum               / 

qI     I    >f^>i 

o 

UJ 

^200] 

UJ 


100 


0-" 


J  A 

1976 


Theridion    neomexicanum 


Theridion    petraeum 


J  A 

1977 


Fig.  4.  Numbers  of  individuals  of  the  two  dominant 
web-building  species  collected  per  10-day  interval 
plotted  against  date  for  1976  and  1977. 

ginning  process  in  1976  was  sufficiently  de- 
layed so  that  only  marginally  complete  data 
were  obtained).  The  regressions  of  body 
length  on  a  given  date  were  tested  for  signifi- 
cant nonzero  slopes  using  a  standard  F-ratio 
test.  Only  those  sections  of  the  line  were 
graphed  (Figs.  5-7)  that  coincided  with  the 
range  of  collection  dates  for  the  cohort.  The 
earliest  emergence  date  for  which  individuals 
were  collected  was  thus  indicated  for  each 
abundant  species  by  the  left-most  portion  of 
its  regression  line.  To  minimize  the  visual  im- 
pact of  extreme  values,  the  beginning  of  the 
second  quartile  of  individuals  and  the  end  of 
the  third  quartile  were  marked  with  brackets 
on  the  regression  lines  (Figs.  5-7).  These 
quartiles  refer  to  the  number  of  individuals, 
of  that  cohort,  collected  during  the  respec- 
tive field  season. 

Results  and  Discussion 

Of  the  45  species  collected  during  this  re- 
search, only  8  were  collected  in  numbers  ex- 
ceeding 50  individuals  during  the  two  field 
seasons.  Each  of  the  four  major  hunting 
guilds    (ambushers,    jumpers,    pursuers,    and 
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Fig.  5.  Body  length  regression  lines  for  the  1976  cohorts  of  the  eight  most  abundant  spider  species  collected  dur- 
ing the  1976  field  season.  Solid  lines  represent  jumping  species,  dashed  lines  represent  pursuing  species,  dash-dot 
lines  represent  ambushing  species,  dotted  lines  represent  web-building  species. 


web  builders)  was  composed  of  a  different 
pair  of  these  abundant  species. 

The  total  numbers  of  each  of  the  abundant 
species  collected  during  10  day  intervals 
were  plotted  against  date  for  each  of  two 
field  seasons.  For  comparative  purposes,  each 
pair  of  species  having  the  same  hunting  strat- 
egy was  plotted  on  the  same  graph.  The  two 
jumping  species,  Sassacus  papenhoei  and  Pel- 
lenes  hirsutus,  overlap  each  other  seasonally, 
each  occurring  in  all  seasons  (Fig.  1).  The 
two  ambusher  species,  Misumenops  celer  and 
Xysticus  montanensis,  subdivide  the  field  sea- 
son with  Misumenops  active  early  and  late, 
and  Xysticus  active  more  toward  midseason 
(Fig.  2).  The  pursuers,  Thanatus  formicinus 
and  Oxyopes  scalaris,  occur  with  consid- 
erable overlap  (Fig.  3).  The  web  builders, 
TJieridion  neomexicanum  and  T.  petraeum, 
are  separated  seasonally:  T.  neomexicanum  is 
active  early  and  late  in  the  season;  T.  pet- 
raeum is  active  in  the  middle  of  the  season 
(Fig.  4). 

Regression  lines  representing  the  body 
lengths  of  these  abundant  species  were  devel- 
oped and  plotted  for  each  cohort  in   each 


field  season  (Figs.  5-7).  The  values  obtained 
from  these  regressions  are  indicative  of  the 
size  of  organisms  collected  on  different  dates. 
For  those  species  belonging  to  the  same  hunt- 
ing guilds,  the  minimum  ratios  separating  the 
pairs  were  tabulated  (Table  1).  The  larger  of 
the  two  species  (in  terms  of  those  adults  col- 
lected) emerged  first  as  juveniles  in  each  of 
the  two  field  seasons  and  for  all  four  species 
pairs.  This  was  consistent  whether  the  date  of 
emergence  measurement  was  based  on  the 
earliest  capture  or  on  those  species  that  had 
the  first  quartile  of  their  individuals,  within 
that  year's  cohort,  collected  first. 

The  two  jumping  spiders,  although  over- 
lapping in  seasonal  distribution,  are  different 
enough  in  size  throughout  the  year  to  permit 
coexistence  according  to  theory.  The  two 
pursuers  also  overlapped  each  other  with  re- 
gard to  seasonal  activity,  but  in  this  case  no 
significant  nonzero  regression  of  size  on  Ju- 
lian date  was  found  for  adult  Oxyopes  (the 
smaller  of  the  pair);  this  may  be  due  to  its 
being  the  least  abundant  of  these  eight  spe- 
cies. When  the  largest  one-third  of  the  indi- 
viduals collected  of  each  pursuer  species  is 
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Fig.  6.  Body  length  regression  lines  for  the  1976  cohorts  of  the  eight  most  abundant  spider  species  collected  dur- 
ing the  1977  field  season.  Hunting  strategies  are  represented  by  line  types  described  in  Figure  5. 

compared  (Schoener  1970),  the  ratio  of  Tha-  ent  habitats;  Xysticus  had  a  predihetion  to- 

natus  to  Oxyopes  is  1.23.  This  suggests  that  ward  stemlike  material,  and  Misumenops 

size  is  also  important  for  these  species.  The  concentrated    on    the    yellow    flowers    of 

two  web  builders  were  both  differentiated  in  Wyethia  and  Balsamorhiza. 
size  and  seasonal  activity.  Finally,  although 

no   clear   patterns   in   size   differences   were  Acknowledgments 
found  between  ambushers,   differential   sea- 
sonal activity  does  appear  significant.  These  I  thank  Drs.  Lloyd  Bennett,  Ronald  Can- 
two  species  were  also  observed  to  use  differ-  field,  Barrie  Gilbert,  and  Ivan  Palmblad  for 

Table  1.   Minimum  ratios  obtained  between  the  body  lengths  of  species  cohorts  of  each  hunting  guild. 
Guilds 


Larger  species 
as  adult 


Smaller  species 
as  adult 


Tlwridion  petracttnl^ 
Xi/sticus  montanensis^ 
Pellenes  hirsutu.^ 
Tliamitus  foricimis^ 


web  builders 


ambushers 


jumpers 


pursuers 


T.  neomexicanum 


A4isiimcnops  celer 


Sassacus  papenhoei 


Oxyopes  scakiris 


Ratio  for  cohorts  of 

1976 

1976 

1977 

in 

in 

in 

1976 

1977 

1977 

1.35 

1.41 

1.44b 

1.22b.^- 

1.0() 

1.00b 

1.81 

1.18 

1.51 

1.2^ 

1.00b 

1.32 

^Juveniles  emerging  first  in  both  1976  and  1977  as  measured  both  by  extreme  earhest  capture  and  completion  of  the  capturing  of  the  first  quartile  collect- 
ed each  field  season. 

"At  least  one  of  the  regressions  employed  in  these  comparisons  did  not  have  a  slope  significantly  different  from  zero  at  the  95%  confidence  level. 
^This  cohort  of  X.  montanensis  had  a  lower  body  length  than  M.  celer  during  this  field  season. 
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their  comments  and  assistance  during  various 
stages  of  this  research.  This  study  was  aided 
immeasurably  by  reference  collections  devel- 
oped by  Barbara  Abraham  and  Cynthia  Hat- 
ley  and  identified  by  Willis  Gertsch.  I  am 
particularly  grateful  to  my  major  professor, 
James  MacMahon,  for  all  he  has  done  for  me. 
This  research  constitutes  part  of  a  dis- 
sertation presented  to  Utah  State  University. 
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REPTILES  AND  AMPHIBIANS  OF  IDAHO,  NO.  2 

Wilmer  W.  Tanner' 

Abstract.—  For  about  20  years  Richard  P.  Erwin  collected  amphibians  and  reptiles  in  southwestern  Idaho.  This 
report  is  an  attempt  to  indicate  some  of  his  herpetological  activities,  and  to  list  the  numerous  individuals,  univer- 
sities, and  museums  that  were  recipients  of  his  collections. 


In  1941  TJie  Reptiles  and  Amphibians  of 
Idalio  No.  I  was  published  (Tanner,  1941, 
Great  Basin  Nat.  2:87)  as  a  checklist  with  a 
list  of  the  locality  records  known  at  that  time 
for  each  species.  Since  then,  other  authors 
(Brodie  1968,  1970,  Teberg  1963)  have  con- 
tributed to  the  herpetological  fauna  of  the 
state  so  that  the  present  report  is  not  present- 
ed to  add  to  the  known  fauna,  or  to  serve  in 
any  way  as  a  checklist,  but  to  add  additional 
historical  information  concerning  the  state  of 
Idaho. 

In  1956,  while  investigating  the  distribu- 
tion and  systematics  of  the  Western  Skink 
{Eumeces  skiltonianiis),  1  had  the  opportunity 
to  visit  with  Mr.  Harold  M.  Tucker  and  Pro- 
fessor O.  H.  Smith  at  the  College  of  Idaho  in 
Caldwell.  My  concern  was  to  discover,  if  pos- 
sible, any  additional  material  that  might  be 
helpful  to  a  better  understanding  of  these  liz- 
ards in  the  western  United  States.  During  this 
visit,  I  was  fortunate  in  receiving  from  Mr. 
Tucker  the  field  books  of  Mr.  Richard  P.  Er- 
win, who  was  perhaps  the  first  authentic  col- 
lector of  herpetological  specimens  for  the 
state  of  Idaho;  at  least  his  field  books,  as  will 
be  shown,  indicate  the  large  number  of  spec- 
imens that  were  collected  and  distributed  to 
the  museums  and  researchers  throughout  the 
United  States. 

Although  most  of  his  field  activities  cen- 
tered around  the  Boise  area,  they  did  include 
most  of  the  adjoining  counties  and  were  par- 
ticularly associated  with  the  areas  near  the 
Snake  River  to  the  south  and  west  of  Boise. 
Although  Mr.  Erwin  was  a  herpetological 
collector,  this  was  a  hobby.  Mr.  Erwin  was  an 
accomplished  musician  and  music  teacher, 
and  had  his  private   studio   at   19-20  Gem 


Building,  20th  and  Main  Streets,  Boise, 
Idaho.  The  correspondence  included  in  the 
field  notes  indicates  that  his  home  was  at 
2320  Woodlawn  Avenue. 

He  was  born  on  28  March  1875  in  In- 
dianola,  Iowa,  and  passed  away  on  4  May 
1932  in  Boise,  Idaho.  Although  he  was  a  pro- 
fessional musician,  much  of  his  free  time  (ac- 
cording to  his  field  books)  was  spent  in- 
vestigating the  natural  history  of 
southwestern  Idaho.  He  was  not  only  con- 
cerned with  herpetology  and  entomology, 
but  was  also  interested  in  archaeology,  with  a 
special  interest  in  Indian  rock  writing  in 
southwestern  Idaho. 

The  significance  of  the  field  notes  was  that 
Mr.  Erwin  provided  considerable  material 
that  was  undoubtedly  used  not  only  to  aug- 
ment the  collections  of  many  museums  and 
universities,  but  also  for  a  better  under- 
standing of  the  distribution  of  western  am- 
phibian and  reptile  species.  To  indicate  the 
extent  of  his  activities,  it  is  necessary  to  list 
the  individuals  and/ or  institutions  who,  ac- 
cording to  his  field  notes,  received  collec- 
tions. It  appears  from  his  records  that  one  of 
his  most  important  museums  was  the  Idaho 
State  Historical  Museum,  in  which  he  estab- 
hshed  a  collection  of  the  amphibians  and  rep- 
tiles of  Idaho  as  he  understood  them.  To  ac- 
complish this,  he  corresponded  with 
professional  herpetologists  at  the  various  mu- 
seums where  he  secured  identifications,  and 
also  received,  on  exchange,  specimens  from 
other  areas  in  the  United  States. 

Two  of  his  publications  appeared  in  the 
Bulletin  of  the  Idaho  State  Historical  Society, 
the  first  coauthored  with  Mr.  Reginald  Bark- 
er (an  entomologist)  and  the  second  written 
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by  himself.  The  latter  was  a  descriptive  dis- 
tribution checklist  published  in  1928.  His 
handwritten  manuscript  of  it  is  included  in 
one  of  the  field  books. 

The  following  list  of  individuals  and  mu- 
seums indicates  the  extent  of  his  effort  in  se- 
curing and  exchanging  specimens: 


Number 

sent     Date  sent 

17      11  August  1917 


468 


15 
31 


262 

14 
19 

39 

44 
100 

10 


29 
31 

57 
18 
13 
46 

60 

35 
4 


150 
6 

33 


30  September  191^ 

31  August  1919 
December  1919 


21  November  1921 

21  November  1921 
11  September  1922 

11  September  1922 

11  January  1923 

16  Septemlier  1923 

25  October  1923 

29  October  1923 

4  Febniary  1924 
4  February  1924 

28  June  1924 
13  October  1924 

17  October  1924 

21  October  1924 

22  October  1924 

16  December  1924 
20  June  1925 


15  Febmary 

to  22  Mav  1926 
8  March  1926 
19  April  1926 
19  April  1926 


To  whom  or  where  sent 

Slevin  (California 

Academy) 
California  Academy  of 

Sciences 
Slevin 
Helen  T.  Gaige, 

University  of 

Michigan 
Slevin  at  California 

Academy  of  Sciences 
Slevin 
Stejneger,  U.S.  National 

Museinn 
Slevin  at  California 

Academy  of  Sciences 
Helen  T.  Gaige 
American  Museum  in 

New  York 
G.  K.  Noble  at 

American  Museum 
G.  K.  Noble  at 

American  Museinn 
Slevin 
Henshaw  at  Museum  of 

Comparative  Zoology 
Helen  T.  Gaige 
G.  K.  Noble  " 
Slevin 
Karl  P.  Schmidt  at  Field 

Museum  in  Chicago 
Museum  of  Comparative 

Zoology  in  Boston 
Field  Museum 
R.  V.  Chamberlain, 

Museum  of 

Comparative  Zoology 

in  Cambridge, 

Massachusetts 
Idaho  State  Historical 

Museum 
Slevin 

Ortenberger 
Fowler 


47 

1 

33 


36 

77 

8 

21 


85 


135 


4 
50 


16 


218 


108 


15  August  to 

17  October  1926 
4  October  1926 
27  October  1926 
22  November  1926 


22  November  1926 
9  December  1926 
9  May  1927 
28  November  1927 


5  March  1928 


11  April  1928 

17  April  1928 
23  April  1928 

12  June  1928 
5  July  1928 

25  February  1929 
28  April  1929 

16  December  1929 


1  December  1931 
18  December  1931 
28  June  1932 


G.  K.  Noble 

Slevin 

G.  K.  Noble 

Grinnell  at  the 

University  of 

California— Berkeley 
Brimlev 
C.rinnell 

A.  I.  Ortenberger 
Netting  at  Carnegie 

Museum  in 

Pittsburgh, 

Pennsylvania 
Netting  at  Carnegie 

Museum  in 

Pittsburgh, 

Pennsylvania 
V.  M.  Tanner  in  Provo, 

Utah 
Helen  T.  Gaige 
L.  M.  Klauber  in  San 

Diego,  California 
L.  M.  Klauber 
L.  M.  Klauber 
Field  Museum 
E.  H.  Taylor  in 

Lawrence,  Kansas 
Helen  T.  Gaige, 

University  of 

Michigan,  Ann  Arbor, 

Michigan 
Ralph  D.  Chamberlain 

in  Salt  Lake  City, 

Utah 
Dr.  Thomas  Barbour  at 

the  Museum  of 

Comparative  Zoology 
U.S.  National  Museum 

in  Washington,  D.C. 


Of  those  collections  noted  in  his  field 
books  (and  there  may  have  been  others  not 
recorded),  a  total  of  2,404  specimens  were 
sent  to  other  institutions.  The  California 
Academy  of  Science  (J.  R.  Slevin,  recipient) 
received  nearly  40  percent  of  the  material. 

I  am  indebted  to  the  late  Mr.  Tucker  at 
the  College  of  Idaho  in  Caldwell,  Idaho,  and 
to  the  Idaho  State  Historical  Society  for  their 
generous  help  in  providing  some  of  the  infor- 
mation included  in  this  report. 

The  Erwin  field  journals  are  deposited  in 
the  Idaho  State  Historical  Society  Museum. 


NEW  SYNONYMY  AND  NEW  SPECIES  OF  AMERICAN  BARK  BEETLES 
(COLEOPTERA:  SCOLYTIDAE),  PART  X 

Stephen  L.  Woodl' 

Abstract.— The  following  species  are  named  as  new  to  science  from  Mexico:  Corthylus  exigtiiis,  Justmtus, 
micarirrus,  Dcndrocramdus  sobrinus,  Dendroterus  fossifrons,  modicus,  Gnathotrichus  ainiphagus,  Hijloctirus 
dissimilis,  micaceus,  scitidus,  seciis,  Phloeotems  burserae,  Pseudothijsanoes  mandibularis,  simplex,  squatneus, 
truncatiis.  Tlie  genvis  Phloeotems,  with  P.  burserae  as  the  type-species,  is  also  named  as  new. 


Sixteen  species  and  one  genus  of  Scolytidae 
are  described  as  new  to  science  from  Mexico 
on  the  following  pages.  They  represent  the 
genera  Corthylus  (3),  Dendrocranulus  (1), 
Dendroterus  (2),  Gnathotrichus  (1),  Hylocunis 
(4),  Phloeoterus  (1),  and  Psuedothysanoes  (4). 
The  new  genus,  Phloeoterus,  is  very  closely 
related  to  Dendroterus  (Pityophthorina,  Cor- 
thylini).  The  discovery  of  Gnathotrichus  aini- 
phagus in  Alnus  in  Mexico  is  of  particular  in- 
terest, because  of  its  close  relationship  to  G. 
retusus  (LeConte)  and  the  fact  that  one  of 
the  hosts  of  G.  retusus  is  Alnus. 

Corthylus  exiguus,  n.  sp. 

This  species  apparently  represents  a  new 
species  group  that  is  somewhat  intermediate 
between  collaris  Blandford  and  villifer  Wood. 
It  has  the  declivity  much  as  in  collaris  except 
that  interstriae  3  bears  small  tubercles.  The 
female  frons  is  more  nearly  like  that  of  villi- 
fer, but  differs  as  described  below. 

Female.—  Length  LO  mm  (paratypes 
0.8- LO  mm),  2.3  times  as  long  as  wide;  color 
brown,  except  basal  half  of  pronotoum  light 
brown. 

Frons  rather  strongly  concave  on  a  sub- 
circular  area  from  eye  to  eye  from  epistoma 
to  well  above  upper  level  of  eyes,  upper  mar- 
gin obtusely  rounded;  surface  smooth,  shin- 
ing, almost  impunctate  in  central  area, 
sparse,  moderately  coarse  punctures  in  upper 
and  lower  areas;  vestiture  sparse,  fine,  short. 
Antennal  club  with  shape  similar  to  collaris, 
suture   1   narrowly  grooved  and  septate   on 


mesal  third,  2  aseptate,  obscurely,  in- 
completely grooved  on  mesal  half. 

Pronotum  about  as  in  collaris. 

Elytra  outline  similar  to  collaris  except 
much  more  broadly  rounded  behind;  disc 
subreticulate,  almost  subrugose,  punctures 
obsolete  except  near  suture;  declivity  much 
steeper,  interstriae  1  moderately,  narrowly 
elevated  into  a  carina  of  uniform  height  from 
base  to  near  apex,  2  rather  strongly  im- 
pressed, almost  flat,  impunctate,  shining 
(punctures  on  striae  1  and  2  fine,  impressed), 
3  almost  as  high  as  1,  broadly  rounded,  with 
punctures  replaced  by  minute  granules.  Ves- 
titure of  a  few  hairlike  setae  on  declivital 
interstriae. 

Male.—  Similar  to  female  except  frons 
planoconvex,  reticulate,  almost  impunctate; 
antennal  club  smaller,  more  nearly  symmetri- 
cal; anterior  margin  of  pronotum  with  a  pair 
of  moderately  large  serrations. 

Type  locality.—  Cuautenango,  Guerrero, 
Mexico. 

Type  material.—  The  female  holotype, 
male  allotype,  and  six  paratypes  were  taken 
at  the  type  locality  on  23-11-1982,  1650  m, 
S-573,  A.  Burjos. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Corthylus  lustratus,  n.  sp. 

This  species  is  distinguished  from  luridus 
Blandford  by  the  less  densely  pubescent, 
partly  glabrous  female  frons  and  by  the 
smaller  tubercles  on  the  declivity. 
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Female.—  Length  2.2  mm  (paratypes 
2.2-2.3  mm),  2.3  times  as  long  as  wide;  color 
very  dark  brown. 

Frons  similar  to  luridus  except  median 
third  of  lower  half  of  frons  glabrous,  setae  in 
remaining  area  shorter,  less  abundant. 

Pronotum  and  elytral  disc  as  in  luridus; 
elytral  declivity  more  evenly  convex  on  up- 
per half,  tubercles  smaller  on  all  interstriae 
except  1;  declivital  setae  apparently  less  nu- 
merous, shorter. 

Type  locality.—  "Texecal,"  Maiote  Poz- 
tlan,  Morelos,  Mexico. 

Type  material.—  The  female  holotype 
and  five  female  paratypes  were  taken  at  the 
type  locality  on  l-XI-1982,  1740  m,  B-087, 
A.  Burjos. 

The  holotype  and  paratypes  are  in  my 
collection. 

Corthylus  micacirrus,  n.  sp. 

This  species  keys  to  rubricollis  Blandford  in 
my  monograph,  but  its  small  size  and  color- 
ation cause  greater  confusion  with  coUaris 
Blandford.  From  collaris  it  is  distinguished  by 
the  very  different  female  frons,  by  the  larger 
elytral  punctures,  and  by  the  total  absence  of 
granules  on  declivital  interstriae  1  and  3. 

Female.—  Length  2.2  mm,  2.4  times  as 
long  as  wide;  color  dark  brown,  basal  half  of 
pronotum  lighter  brown. 

Frons  much  broader,  concavity  slightly 
deeper  and  extending  much  higher  on  vertex; 
vestiture  half  as  long,  finer,  much  more 
dense.  Antennal  club  more  narrowly  rounded 
at  apex,  cirrus  less  than  half  as  long,  not  at- 
taining middle  of  apical  margin. 

Pronotum  about  as  in  collaris. 

Elytra  similar  to  collaris  except  punctures 
rather  coarse  (three  or  more  times  larger),  de- 
clivity steeper,  declivital  striae  3  without  any 
indication  of  granules,  striae  1  and  2  with 
punctures  more  strongly  impressed,  vestiture 
shorter,  less  numerous. 

Type  locality.—  Chilapa,  Guerrero, 
Mexico. 

Type  material.—  The  female  holotype 
was  taken  at  the  type  locality  on  23-11-1982, 
1690  m,  S-345,  Ardisia  sp.,  T.  H.  Atkinson 
and  A.  Equihua. 

The  holotype  is  in  my  collection. 


Dendrocranulus  sobrinus,  n.  sp. 

This  species  is  distinguished  from  confinis 
Wood  by  the  somewhat  less  strongly  im- 
pressed male  frons,  with  the  median  eleva- 
tion on  the  vertex  lower,  by  the  more  coarse- 
ly punctured  pronotal  disc,  with  ac- 
companying elevations  about  a  third  as  large, 
and  by  the  more  broadly,  more  strongly  im- 
pressed male  declivity. 

Male.—  Length  2.0  mm  (paratypes  1.8-2.1 
mm),  2.8  times  as  long  as  wide;  color  dark 
reddish  brown. 

Frons  as  in  confinis  except  lower  areas  less 
strongly  impressed  and  median  elevation  on 
vertex  not  as  high  or  as  sharply  defined. 

Pronotum  as  in  confinis  except  punctures 
on  posterior  half  larger  (about  twice  as  large 
near  median  line),  callus  (or  elevation)  ac- 
companying each  puncture  about  a  third  as 
large. 

Elytra  about  as  in  confinis  except  discal 
punctures  smaller  (particularly  those  of  inter- 
striae); declivity  more  strongly,  more  broadly 
impressed  to  striae  3  (transversely,  feebly 
concave). 

Female.—  Similar  to  female  confinis  ex- 
cept frons  and  pronotum  less  distinctly  re- 
ticulate, declivity  more  strongly,  broadly 
flattened. 

Type  locality.—  Veracruz,  Veracruz, 
Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  six  paratypes  were  taken 
on  2-IV-1982,  8  m,  Luffa  acutangula,  J.  F. 
Duran.  Three  specimens  not  included  in  the 
type  series,  apparently  of  this  species,  were 
taken  at  Km  56  carr.  Xochimilco-Oaxtepec, 
Morelos,  Mexico,  22-1-1980,  Cucurbitaceae, 
T.  H.  Atkinson. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Dendroterus  fossi frons,  n.  sp. 

This  species  is  distinguished  from  striatus 
(LeConte)  by  the  much  larger,  deeper  exca- 
vation on  the  male  frons,  by  the  more 
scabrous  pronotal  disc,  and  by  the  much 
coarser  elytral  vestiture. 

Male.—  Length  2.0  mm  (paratypes  1.8-2.0 
mm),  2.5  times  as  long  as  wide;  color  reddish 
brown. 
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Frons  resembling  striatiis  except  median 
third  on  central  (longitudinal)  fourth  abrupt- 
ly, deeply  excavated. 

Pronotum  as  in  striatus  except  posterior 
areas  with  more  reticulation,  granules 
slightly  larger,  more  numerous. 

Elytra  as  in  striatus  except  usually  a  bit 
stouter,  interstrial  punctures  usually  larger; 
declivity  steeper  on  lower  half,  more  broadly 
convex,  and  with  striae  1  and  2  more  dis- 
tinctly impressed,  interstrial  setae  much 
stouter  but  not  longer. 

Female.—  Similar  to  male  except  frons 
with  a  transverse  carina  as  in  female  striatus. 

Type  locality.—  Estacion  de  Biologia,  Ja- 
lisco, Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  10  paratypes  were  taken 
at  the  type  locality  on  2-III-1982,  80  m, 
S-351B,  A.  Equihua. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Dendroterus  modicus,  n.  sp. 

This  species  is  distinguished  from  mexi- 
cantis  Blandford  by  the  larger  size,  by  the 
presence  of  coarse  granules  on  the  pronotal 
disc,  by  the  steeper  elytral  declivity,  and  by 
other  characters  cited  below. 

Female.—  Length  2.4  mm,  2.4  times  as 
long  as  wide;  color  reddish  brown. 

Frons  about  as  in  mexicanus,  with  episom- 
al  calluses  equal  to  less  than  average  size  for 
that  species. 

Pronotum  1.08  times  as  long  as  wide;  re- 
sembling mexicanus  except  anterior  margin 
more  broadly  rounded  and  disc  armed  by 
subcrenulate  tubercles  as  in  sallaei  Blandford. 

Elytra  1.4  times  as  long  as  wide;  similar  to 
mexicanus  except  strial  punctures  on  disc 
much  deeper,  interstrial  punctures  closer,  de- 
clivity much  steeper,  with  interstriae  2  more 
distinctly  impressed  and  lateral  summits 
more  pronounced. 

Type  locality.—  Volcan  Ceboruco,  Naya- 
rit,  Mexico. 

Type  material.—  The  female  holotype 
was  taken  at  the  type  locality  on 
5-VII-1965,  1100  m,  Bursera,  S.  L.  Wood. 

The  holotype  is  in  my  collection. 

Gnathotrichus  alniphagus,  n.  sp. 

This  species  is  distinguished  from  retusus 
(LeConte)  by  the  more  strongly,  much  more 


extensive  aciculation  of  the  frons,  by  the  finer 
pronotal  and  elytral  punctures,  and  by  the 
less  strongly  impressed  declivital  sulcus.  The 
discovery  of  this  species  in  Alnus  greatly 
magnifies  interest  in  the  fact  that  the  closely 
related  retusus  also  has  Alnus  as  one  of  its 
hosts. 

Female.—  Length  3.6  mm  (paratypes 
3.6-3.7  mm),  3.5  times  as  long  as  wide;  color 
very  dark  brown  (holotype  almost  black). 

Frons  resembling  retusus  except  with 
rather  coarse  convergent  aciculation  on  more 
than  median  two-thirds  almost  to  upper  level 
of  eyes;  antennal  club  a  bit  larger,  with  su- 
tures more  distinctly  arcuate. 

Pronotum  as  in  retusus  except  punctures 
on  posterior  areas  slightly  smaller,  not  as 
close. 

Elytra  resembling  retusus  except  strial 
punctures  smaller,  impressed  points  smaller, 
less  numerous,  impressed  transverse  lines 
longer,  much  more  abundant;  declivity  not  as 
steep,  sulcus  much  less  strongly  impressed, 
tubercles  on  lateral  summits  smaller. 

Type  locality.—  Fierro  del  Toro  in  south- 
west Morelos,  Mexico. 

Type  material.—  The  female  holotype 
and  four  female  paratypes  were  taken  at  the 
type  locality  on  30-VII-1982,  2650  m, 
B-026,  Alnus  fimiifolia,  A.  Burjos  and  E. 
Saucedo. 

The  holotype  and  paratypes  are  in  my 
collection. 

Hyhcurus  dissirnilis,  n.  sp. 

This  species  is  distinguished  from  in- 
cojnptus  Wood  by  the  smaller,  stouter  aver- 
age size,  by  the  much  more  conspicuous, 
much  coarser  elytral  setae,  and  by  details  of 
the  declivity  described  below. 

Male.—  Length  2.0  mm  (paratypes  1.8-2.0 
mm),  2.4  times  as  long  as  wide;  color  almost 
black,  vestiture  pale. 

Frons  and  pronotum  essentially  as  in  in- 
comptus  except  setae  on  pronotal  disc  much 
coarser. 

Elytra  1.4  times  as  long  as  wide;  about  as 
in  incomptus  except  interstrial  granules  near 
base  of  declivity  and  on  face  of  declivity 
smaller,  lower  half  of  declivity  less  strongly 
impressed,  all  denticles  smaller;  interstrial 
setae  from  base  to  apex  of  stout  bristles  (al- 
most scalelike,  about  10  times  as  long  as 
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wide),  longest  near  base  of  declivity  (each  as 
long  as  distance  between  rows),  distinctly 
shorter  near  base,  shorter  and  more  slender 
on  lower  declivity. 

Female.—  Similar  to  male  except  trans- 
verse frontal  carina  not  as  sharp  or  as  high; 
interstrial  setae  longer,  more  slender,  pointed 
(but  much  coarser  than  in  incomptiis). 

Type  locality.—  Estacion  de  Biologia, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  eight  paratypes  were 
taken  at  the  type  locality  on  4-III-1982,  70 
m,  S-368,  Sapindaceae,  A.  Equihua. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Hylocurus  micaceus,  n.  sp. 

This  species  is  distinguished  from  dissimilis 
Wood  by  the  smaller  size  and  reddish  brown 
color,  by  the  finer  sculpture,  and  by  details  of 
the  elytral  vestiture  and  declivity  as  de- 
scribed below. 

Male.—  Length  1.3  mm  (paratypes  1.3-1.4 
mm),  2.5  times  as  long  as  wide;  color  reddish 
brown. 

Frons  similar  to  dissimilis  except  trans- 
verse carina  slightly  shorter,  not  as  high,  sur- 
face more  finely  reticulate. 

Pronotum  about  as  in  dissimilis  except 
more  finely  sculptured,  posterior  areas  more 
finely  reticulate,  tubercles  smaller. 

Elytra  1.6  times  as  long  as  wide;  similar  to 
dissimilis  except  strial  punctures  smaller,  in- 
terstriae  smoother,  shining,  upper  declivity 
more  strongly  convex,  declivital  granules  and 
tubercles  slightly  larger,  apical  portion  of  in- 
terstriae  9  more  strongly  elevated,  almost 
carinate  toward  apex  of  elevated  area.  Vesti- 
ture largely  restricted  to  declivity;  erect  in- 
terstrial scales  almost  as  long  as  distance  be- 
tween rows,  blunt,  each  about  eight  times  as 
long  as  wide,  scales  shorter  and  sparse  on 
lower  declivity. 

Female.—  Similar  to  male  except  trans- 
verse frontal  carina  weak  to  obscure. 

Type  locality.—  Estacion  de  Biologia, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  four  paratypes  were  taken 
on  20- VIII- 1982,  100  m,  S-764,  A.  Equihua. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 


Hylocurus  scitulus,  n.  sp. 

This  species  is  distinguished  from  elegans 
Eichhoff  by  the  much  steeper  male  elytral 
declivity,  with  many  other  differences  in  de- 
clivital sculpture,  and  by  the  more  evenly 
convex  female  frons,  with  the  patch  of  setae 
on  the  vertex  undivided. 

Male.—  Length  1.2  mm  (paratypes  2.1-2.4 
mm),  2.7  times  as  long  as  wide;  color  dark 
brown,  vestiture  pale. 

Frons  and  pronotum  essentially  as  in  ele- 
gans except  pronotal  disc  less  clearly 
reticulate. 

Elytral  disc  similar  to  elegans  except  striae 
more  strongly  impressed  near  base  of  declivi- 
ty, strial  punctures  slightly  smaller;  declivity 
much  steeper  than  in  elegans,  terminal 
mucro  longer,  more  acutely  pointed,  spines 
in  circumdeclivital  row  much  larger,  each 
(1-8)  projecting  caudad  a  distance  equal  to 
its  basal  width,  strial  punctures  near  margins 
much  larger.  Vestiture  about  as  in  elegans  ex- 
cept scalelike  setae  at  margin  of  declivity 
forming  a  row  around  apex  of  each  circum- 
declivital spine  (transverse  direction)  (in  ele- 
gans these  scales  remain  in  uniseriate,  longi- 
tudinal arrangement). 

Female.—  Similar  to  female  elegans  except 
frons  more  evenly  convex,  patch  of  setae  on 
upper  area  not  divided  on  median  line;  de- 
clivital setae  longer,  coarser,  lower  area  less 
broadly  impressed. 

Type  locality.—  Estacion  de  Biologfa, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  six  paratypes  were  taken 
at  the  type  locality  on  2- VII- 1982,  50  m, 
S-748,  Acacia,  A.  Equihua. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Hylocurus  secus,  n.  sp. 

This  species  represents  a  new  species 
group.  It  is  distinguished  from  all  other  mem- 
bers of  the  genus  by  the  strongly  procurved 
sutures  of  the  antennal  club,  by  the  male  cir- 
cumdeclivital row  of  tubercles  in  which  tu- 
bercle 8  is  carinate  and  almost  joins  9,  which 
continues  on  a  declining  course  to  the  apex, 
and  by  the  unique  declivity. 
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Male.—  Length  2.2  mm  (paratypes  2.0-2.2 
mm),  3.6  times  as  long  as  wide;  color  reddish 
brown. 

Frons  moderately,  transversely  impressed 
at  level  of  antennal  insertion,  convex  above; 
convex  surface  rugose-reticulate;  a  few  stout 
setae  almost  scalelike. 

Pronotmn  almost  as  in  aberrans  Wood  ex- 
cept disc  reticulate  and  partly  rugose  ante- 
riorly, with  fine,  shallow  punctures  rather  nu- 
merous, most  punctures  with  a  fine  granule 
on  their  posterior  margin. 

Elytra  1.6  times  as  long  as  wide;  sides 
straight  and  subparallel  on  basal  four-fifths, 
very  slightly  wider  at  base  of  declivity;  striae 
not  impressed  except  at  base  of  declivity, 
pimctiu-es  rather  large,  deep,  smaller  on  basal 
fourth;  interstriae  slightly  narrower  than 
striae,  almost  smooth,  punctures  small,  shal- 
low, uniseriate;  base  of  declivity  abrupt, 
armed  by  a  circumdeclivital  row  of  tubercles, 
tubercles  rather  large,  feebly  or  not  pro- 
jecting behind.  Declivity  subtruncate,  abrupt, 
very  steep,  face  convex,  summit  on  inter- 
striae 1  below  middle;  strial  punctures  in 
rows  on  basal  half,  largely  confused  below; 
interstriae  somewhat  shagreened,  without 
punctures;  1  normal  on  basal  third  and  apical 
fifth,  greatly  widened  (about  three  times)  at 
and  below  middle  and  strongly  elevated  to 
two  summits,  upper  summit  submammiform, 
lower  summit  subacutely  pointed.  Glabrous, 
except  a  few  very  minute  strial  setae  on 
lower  declivity;  interstrial  scales  on  disc 
abraded. 

Female.—  Similar  to  male  except  frons  a 
bit  more  irregularly  convex,  punctures  more 
evident,  ornamented  by  rather  abundant, 
coarse,  moderately  long  setae,  particularly  on 
upper  half;  declivity  rounded,  without  cir- 
cumdeclivital row  of  tubercles;  declivital 
sculpture  about  as  on  disc  except  interstrial 
punctures  replaced  by  fine,  rounded  gran- 
ules; elytral  vestiture  consisting  of  minute 
strial  hair  and  rows  of  erect  interstrial  scales, 
each  scale  about  as  long  as  distance  between 
rows,  widest  on  distal  half,  about  six  times  as 
long  as  wide. 

Type  locality.—  Estacion  de  Biologia, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  four  paratypes  were  taken 
at  the  type  locahty  on  3-III-1981,  100  m, 
S-359,  Leguminosae,  A.  Equihua. 


The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Phloeoterus,  n.  gen. 

This  is  the  fourth  genus  to  be  placed  in  the 
Dendrotenis  genus  group.  It  is  distinguished 
from  Dendrotenis  Blandford  by  the  5-seg- 
mented  antennal  funicle  and  by  the  unique 
sculpture  of  the  female  head. 

Description.—  Male  frons  essentially  con- 
vex, female  impressed,  armed  by  tubercles, 
and  ornamented  by  setae;  eye  emarginate; 
antenna  as  in  Dendrotenis  except  funicle  5- 
segmented;  pronotum  with  basal  and  lateral 
margins  rounded;  elytra  and  tibiae  about  as 
in  Dendrotenis. 

Type-species.—  PJiloeoterus  hurserae 
Wood,  described  below. 

Phloeoterus  hurserae,  n.  sp. 

This  species  resembles  a  few  Dendroterus 
species,  but  it  is  distinguished  by  the  generic 
characters,  most  particularly  by  the  unique 
female  frons. 

Female.—  Length  1.7  mm  (paratypes 
1.6-1.8  mm),  2.7  times  as  long  as  wide;  color 
yellowish  brown,  anterior  slope  of  pronotum 
and  elytral  declivity  much  darker. 

Frons  shallowly,  broadly  concave  from 
epistoma  to  upper  level  of  eyes,  armed  on 
median  fourth  slightly  above  upper  level  of 
eyes  by  an  acute,  transverse  carina  and  by  a 
pair  of  rather  coarse  tubercles  near  lateral 
margin  just  above  level  of  antennal  insertion; 
surface  smooth,  shining,  punctures  minute, 
rather  sparse,  almost  uniformly  distributed; 
vestiture  sparse  and  rather  short  on  concave 
area,  much  longer  and  more  abundant  on  up- 
per and  lateral  margins. 

Pronotum  as  in  Dendroterus  eximius  Wood 
except  reticulation  and  punctures  much  finer. 

Elytra  as  in  D.  eximius  except  strial  punc- 
tures more  sharply  impressed  on  disc,  punc- 
tures becoming  obsolete  on  declivity,  elytral 
vestiture  similar  but  only  half  as  long. 

Male.—  Similar  to  female  except  male 
frons  resembling  male  D.  eximius  (weakly 
convex,  unarmed  by  tubercles  or  carina, 
without  conspicuous  setae). 

Type  locality.—  Estacion  de  Biologia,  Ja- 
lisco, Mexico. 
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Type  material.—  The  female  holotype, 
male  allotype,  and  10  paratypes  were  taken 
at  the  type  locality  on  2-II-83,  100  m, 
S-865,  Bursera  instahilis,  T.  H.  Atkinson  and 
N.  Bautista  M. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Pseudothysanoes  mandibularis,  n.  sp. 

This  species  apparently  represents  a  spe- 
cies group  previously  unreported.  The  male 
resembles  the  female  of  the  dislocatus  (Black- 
man)  group  of  species  except  that  the  man- 
dibles are  elongate  (similar  to  Gnatholeptus 
sliannoni  Blackman)  and  the  frons  is  convex. 

Male.—  Length  1.1  mm  (paratype  1.1 
mm),  2.7  times  as  long  as  wide;  color  yellow- 
ish brown. 

Frons  convex  above,  becoming  flattened 
toward  epistoma;  surface  almost  smooth,  sub- 
reticulate,  without  evident  punctures;  vesti- 
ture  sparse,  short,  inconspicuous.  Mandibles 
elongate,  meeting  on  median  line,  resembling 
those  of  Gnatholeptus  sliannoni. 

Pronotum  similar  to  dislocatus  except  an- 
terior margin  and  anterior  slope  more  broad- 
ly rounded. 

Elytra  similar  to  dislocatus  except  anterior 
margin  and  anterior  slope  more  broadly 
rounded. 

Elytra  similar  to  dislocatus  except  declivi- 
ty shorter,  steeper;  interstrial  punctures  re- 
placed by  small,  rounded  granules  on  disc 
and  declivity;  strial  setae  more  consistently 
present  and  slightly  longer;  on  declivity  in- 
terstrial scales  decreasing  in  width  and  length 
toward  apex  to  about  half  that  of  setae  at 
base  of  declivity. 

Type  locality.—  Estacion  de  Biologfa, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype  and 
one  male  paratype  were  taken  at  the  type  lo- 
cality on  2-VII-1982,  130  m,  ultraviolet 
light,  A.  Equihua. 

The  holotype  and  allotype  are  in  my 
collection. 

Psuedothysanoes  simplex,  n.  sp. 

This  species  belongs  to  the  phoradendri 
Blackman  species  group  and  is  placed  near 
furvescens  Wood.  From  furvescens  it  is  dis- 
tinguished by  the  smaller  average  size,  by  the 


minute,  almost  obsolete  strial  punctures  on 
disc  and  declivity,  and  by  the  minute  but 
conspicuous  strial  hair. 

Male.—  Length  1.1  mm  (paratypes  1.1-1.3 
mm),  2.4  times  as  long  as  wide;  color  very 
dark  brown,  summit  of  pronotum  usually  red- 
dish brown,  vestiture  pale. 

Frons  similar  to  furvescens  except  lower 
half  a  bit  more  extensively  flattened,  central 
fovea  more  conspicuous. 

Pronotum  as  in  furvescens  except  anterior 
margin  much  more  broadly  rounded,  discal 
and  lateral  areas  smoother,  sparse  punctures 
minute. 

Elytra  more  slender  than  in  furvescens, 
with  declivity  steeper,  restricted  to  shorter 
area;  striae  not  indicated,  punctures  almost 
obsolete,  minute  punctures  each  bearing  a 
minute  hairlike  seta;  interstriae  indicated  by 
obscure,  setiferous,  minute  punctures;  surface 
almost  smooth,  shining.  Declivity  restricted 
to  posterior  third,  steep,  convex;  sculpture  as 
on  disc  except  interstrial  punctures  replaced 
by  minute  granules.  Vestiture  consisting  of 
minute  strial  hair,  and  erect  interstrial  scales; 
each  scale  about  four  times  as  long  as  wide, 
spaced  between  rows  and  between  scales 
within  a  row  by  slightly  more  than  length  of 
a  scale. 

Female.—  Similar  to  male  except  body  a 
bit  more  slender  and  elytral  interstrial  scales 
slightly  longer  and  up  to  six  times  as  long  as 
wide. 

Type  locality.—  Estacion  de  Biologia, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  six  paratypes  were  taken 
at  the  type  locality  on  2-II-1983,  30  m, 
S-856,  T.  H.  Atkinson  and  N.  Bautista. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Psuedothysanoes  squameus,  n.  sp. 

This  species  represents  a  species  group 
previously  unknown  in  North  America.  The 
near  absence  of  sutures  in  the  antennal  club, 
stout  body,  and  unusual  elytral  scales,  par- 
ticularly in  the  male,  distinguish  it  from  other 
known  species.  ■ 

Male.—  Length  1.2  mm  (paratypes  1.1-1.5     I 
mm),  2.2  times  as  long  as  wide;  color  rather 
light  reddish  brown,  elytra  usually  darker. 
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Frons  rather  strongly,  transversely  im- 
pressed on  lower  two-thirds  of  area  below 
upper  level  of  eyes,  strongly  convex  above; 
surface  granulate  above,  finely  subgranular  in 
impressed  area.  Antennal  club  moderately 
large,  oval,  without  sutures  except  1  obscure, 
1  and  2  indistinctly  marked  by  setae. 

Pronotvmi  about  as  in  truncatus  Wood. 

Elytra  1.4  times  as  long  as  wide,  1.5  times 
as  long  as  pronotum;  striae  weakly  impressed 
at  base  of  declivity,  punctures  moderately 
coarse,  deep;  interstriae  slightly  wider  than 
striae,  apparently  smooth,  shining,  punctures 
small,  close,  imseriate.  Declivity  steep,  con- 
vex, occupying  slightly  more  than  posterior 
third;  sculpture  much  as  on  disc  except  strial 
punctures  somewhat  smaller;  striae  end  be- 
fore apex.  Vestiture  of  rows  of  erect  inter- 
strial  scales,  those  on  disc  short,  each  about 
twice  as  long  as  wide,  distinctly  longer  and  as 
wide  as  an  interstriae  at  base  of  declivity 
(each  at  least  as  wide  as  long),  very  closely 
spaced,  decreasing  in  length  toward  apex  un- 
til less  than  one-third  that  of  longest  scales. 

Female.—  Similar  to  male  except  frons 
concavely  excavated  on  more  than  median 
three-fourths  from  epistoma  to  slightly  above 
eyes,  upper  margin  of  concavity  acutely  cari- 
nate;  strial  punctures  much  smaller,  not  as 
deep,  interstrial  punctures  obscure;  vestiture 
of  elytral  disc  continued  on  declivity,  without 
any  enlarged  scales;  elytral  declivity  not  as 
steep  or  as  broad. 

Type  locality.—  Estacion  de  Biologia, 
Chamela,  Jalisco,  Mexico. 

Type  material.—  The  male  holotype,  fe- 
male allotype,  and  eight  paratypes  were 
taken  on  27- V- 1982,  50  m,  S-485,  Loncho- 
carpus,  T.  H.  Atkinson  and  A.  Equihua. 

The  holotype,  allotype,  and  paratypes  are 
in  my  collection. 

Pseudothysanoes  truncatus,  n.  sp. 

This  species  belongs  to  the  helium  Wood 
species  group,  but  it  is  unique  in  having  the 
declivital  strial  punctures  in  rows  and  no  in- 
terstrial pimctures  or  armature. 


Male.—  Length  1.6  mm,  2.1  times  as  long 
as  wide;  color  yellowish  (anterior)  to  reddish 
brown  (posterior  areas). 

Frons  as  in  heliura  except  conspicuous 
setae  broadly  scalelike  in  central  and  upper 
areas. 

Pronotum  about  as  in  heliura  except  sum- 
mit wider. 

Elytra  1.2  times  as  long  as  wide,  stouter 
than  in  heliura  with  declivity  much  steeper, 
more  abruptly  truncate,  declivital  face  less 
strongly  convex;  disc  with  striae  not  im- 
pressed, punctures  rather  coarse,  deep;  inter- 
striae smooth,  shining,  only  slightly  wider 
than  striae,  punctures  uniseriate,  small  be- 
coming replaced  by  small  granules  on  basal 
half.  Declivity  abruptly  truncate,  not  quite 
vertical;  circumdeclivital  costa  complete, 
subacute,  its  summit  not  smooth,  obscurely 
subserrate;  declivital  face  distinctly,  rather 
broadly  impressed  near  margins,  moderately 
convex  on  lower  half,  with  an  indefinite  sum- 
mit on  interstriae  3  just  below  middle;  striae 
not  impressed,  punctures  in  rows,  punctures 
rather  coarse  at  base,  gradually  decreasing  in 
size,  rather  small  toward  apex;  interstriae 
smooth,  shining,  impunctate  (except  3  punc- 
tured) 2  gradually  constricted  until  obsolete 
on  lower  fourth,  3  expanding  slightly  in 
width  just  below  middle,  with  a  row  of  punc- 
tures. Vestiture  consisting  of  rows  of  short  in- 
terstrial scales  on  disc,  each  about  two  to 
four  times  as  long  as  wide;  circumdeclivital 
costa  bearing  a  row  of  rather  large  scales, 
each  about  two  to  four  times  as  long  as  wide; 
declivital  interstriae  3  bearing  a  row  of  long 
erect  scales,  each  three  times  as  long  as  those 
in  circumdeclivital  row  and  eight  or  more 
times  as  long  as  wide,  a  few  similar  scales  on 
5. 

Type  locality.—  Playa  Perula,  Jalisco, 
Mexico. 

Type  material.—  The  male  holotype  was 
taken  on  3-III-1982,  10  m,  S-356,  Randia 
sp.  (Rubiaceae),  A.  Equihua. 

The  holotype  is  in  my  collection. 


NEW  RECORDS  OF  DIATOMS  FROM 
BLUE  LAKE  WARM  SPRING,  TOOELE  COUNTY,  UTAH 

Samuel  R.  Rushforth'  and  Irena  Kaczmarska',- 


Abstract.—  Blue  Lake  Warm  Spring  in  Tooele  County,  Utah,  contains  a  rich  diatom  flora  with  a  significant 
number  of  taxa  that  are  unusual  in  this  region.  We  have  identified  a  total  of  136  taxa  in  our  samples  from  this 
locality,  several  of  which  are  new  records  for  Utah  and  North  America. 


Oiir  studies  of  Blue  Lake  Warm  Spring 
were  initiated  as  a  part  of  larger  studies  on 
the  algal  floras  of  spring  systems  of  the  Great 
Basin,  including  projects  on  warm  springs  (St. 
Clair  and  Rushforth  1976),  cool  seeps  (St. 
Clair  and  Rushforth  1978),  and  wet  wall 
hanging  gardens  (Rushforth  et  al.  1976,  Clark 
and  Rushforth  in  press,  Johansen,  Rushforth, 
and  Brotherson  1983,  Johansen  et  al.  1983). 
This  investigation  has  provided  valuable  in- 
formation on  diatom  floristics,  ecology,  and 
distribution.  The  present  paper  presents  data 
on  those  species  that  we  have  determined  to 
be  new  records  for  North  America  and/ or 
Utah. 

Site  Description 

Blue  Lake  Warm  Spring  is  near  the  border 
of  Nevada  and  Utah  in  Tooele  County,  Utah. 
This  spring  system  consists  of  many  small 
springs  and  two  major  pools.  The  larger  is 
about  20  m  deep,  and  the  smaller  about  3  m 
deep.  They  are  interconnected  by  streams 
and  are  surrounded  by  several  acres  of  wet 
marsh. 

Blue  Lake  waters  are  mesothermic,  with  a 
temperature  range  between  25  and  29  C. 
These  waters  can  be  classified  as  mesohaline 
brackish,  with  total  dissolved  solids  measured 
at  4831  mg/1.  The  most  common  ions  were 
sodium  and  chloride.  Sulfates  were  also  some- 
what elevated  at  219  mg/1. 

Methods 

A  total  of  27  samples  was  obtained  over  a 
nine-year  period  from  various  depths  and  lo- 


calities at  the  Blue  Lake  site.  The  first  16 
samples  were  obtained  in  March  1973  by  tak- 
ing sampling  vials  to  various  depths  of  the 
larger  pool,  using  scuba  gear.  Periphyton  and 
sediment  samples  were  collected  in  FebRiary 
1977  from  under  the  ice  of  the  smaller  pool. 
The  last  9  samples  were  collected  from  the 
smaller  pool  in  July  1982.  They  were  ob- 
tained from  the  edge  and  bottom  of  the  pool 
by  diving. 

Permanent  diatom  slides  were  prepared 
following  standard  methods  with  boiling  ni- 
tric acid  cleaning  procedures  (St.  Clair  and 
Rushforth  1976). 

Results  and  Discussion 

A  total  of  136  species  was  collected  and 
identified  during  this  study.  They  are  de- 
scribed, more  thoroughly  discussed,  and  illus- 
trated in  a  companion  paper  (Kaczmarska 
and  Rushforth  1983).  The  species  that  repre- 
sent new  records  for  North  America  and  for 
Utah  are  noted  in  Table  1  and  illustrated  in 
Figures  1-39. 

Several  of  the  species  we  encountered  in 
Blue  Lake  Warm  Spring  were  unusual  and 
difficult  to  place  into  known  taxa.  Some  spe- 
cies of  Achnanthes,  Navicula,  Nitzschia,  and 
others  were  only  tentatively  placed  into  pre- 
viously described  species.  In  such  cases,  for 
the  present  paper,  the  distribution  is  given 
for  the  taxa  of  tentative  placement  of  our 
specimens. 

Our  Blue  Lake  flora  was  very  different 
from   typical   diatom   floras  of  the  standing 
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Figs.  1-17:  1,  Achnanthes  similis  rapheless  valve;  2,  Achnanthes  similis  raphe  valve;  3,  Achnanthes  ci  atomus  var. 
congolensis  raphe  valve;  4,  Anomoeoneis  foUis;  5,  Achnanthes  ci  siibmarina  raphe  valve;  6,  Achnanthes  ci  sub  marina 
rapheless  valve;  7,  Achnanthes  tropica  raphe  valve;  8,  Achnanthes  cf  siibhiidsonis  rapheless  valve;  9,  Achnanthes 
cottoriensis  raphe  valve;  10,  Amphora  coffeaeformis  var.  perpusiUa;  11,  Denticula  cf  parva;  12,  Cymbella  fonticola; 
13,  Amphora  commutata;  14-15,  Amphora  arciis  var.  sulcata;  16,  Amphora  proteiis;  17,  Amphora  proteus  var.  ocidata. 
All  figures  are  X2200. 
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Figs  18-28:  18,  Diphneis  subovalis,  19,  Navicula  feuerbomh  20,  Navicula  saUnarum  var.  capitata;  21,  Navicula 
diEitoradiata-  22,  Stauroneis  leglerh  2,3,  Nitzschia  pseudostagnorum;  24,  Navicula  mbinflatoides;  25,  Navicula 
suhinflatoides  girdle  view;  26,  Navicula  zanoni;  27,  Navicula  pseudocrassiwstris-  28,  Nitzschia  vitrea  ct  var. 
scaphifonnis.  All  figures  are  X2200. 
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Figs.  29-39:  29,  Chaetoceros  amanita  girdle  view  of  short  chain  X1095;  30,  Mastogloia  aquilegiae;  31,  Navicula 
cnjptoccpholoidcs;  32,  Navicula  longirostris;  33,  Gomphonema  intricattim  cf  var.  fossilis;  34,  Navicula  parva;  35, 
Navicula  subsulcatoides-  36,  Navicula  sulmiuralis:  37,  Diploncis  smitliii  f.  rlwmbica;  38,  Mastogloia  pumila;  39, 
Mastogloia  hraiini.  All  figures  are  X220()  except  where  noted. 
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Table  1.  Alphabetical  listing  of  diatom  species  iden- 
tified in  our  samples  collected  from  Blue  Lake  Warm 
Spring  that  represent  new  records  for  North  America 
and/or  for  Utah.  Those  species  new  from  North  .\merica 
are  labeled  NA,  and  those  previously  collected  in  North 
America  but  new  for  Utah  are  labeled  U. 

Achnanthes  ci  atomus  Hust. 

var.  congolensis  Hust. 
Achnanthes  cotferiensis  Foged 
Achnanthes  similis  Hust. 
Achnanthes  c(  subhudsonis  Hust. 
Achnanthes  tropica  Hust. 
Achnanthes  ci  stibviarina  Hust. 


Amphora  arciis  Greg.  var.  sulcata  (.^.Sm.)  CI. 
Amphora  coffeaeformis  Ag.  var.  fossilis  Pant. 
Amphora  coffeaeformis  var.  perpusilla  Grun. 
Amphora  commtttata  Gnm. 
Amphora  macilenta  Greg. 
Amphora  proteiis  Greg. 
Amphora  protetis  var.  ocukita  Perag. 
Amphora  tenuissima  Hust. 

Anomoeoneis  follis  (Ehr.)  CI. 

Chaetoceros  arnanita  A.  CI. 

Ctpnbelh  fonticola  Hust. 

Diploneis  sniithii  (Breb.)  CI.  f.  rhombica  Meresch. 
Diphneis  subovalis  CI. 

Fragilaria  construens  var.  subsaUna  Hust. 
Fragilaria  lapponica  var.  minuta  CI. 

Gomphonenm  intricatiim  cf  var.  fossilis  Pant. 

Mastogloia  aquilegiae  Grrm. 
Mastogloia  bratini  Gmn. 
Mastogloia  piimila  (Gnm.)  CI. 

Navicula  cryptocephaloides  Hust. 
Navicida  digitoradiata  (Greg.)  A.  Sm. 
Navicula  feuerborni  Hust. 
Navicida  longirostris  Hust. 
Navicula  muralis  Gnm. 
Navicula  parva  (Menegh.)  CI. 
Navicula  pseudocrassirostris  Hust. 
Navicula  subinflatoides  Hust. 
Navicula  subsulcatoides  Hust. 
Navicula  submuralis  Hust. 
Navicula  zanoni  Hust. 

Nitzschia  pseudostagnorum  Hust. 
Nitzschia  vitrea  Norm,  cf  var.  scaphiformis 
Wisl.  &  Poretz. 

Pinnuluria  brebissonii  (Kuetz.)  CI. 
var.  diminuta  Gnin. 

Staurotieis  legleri  Hust. 

Terpsinoe  intermedia  Grun. 
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waters  of  our  region.  It  was  also  unexpect- 
edly different  from  the  floras  of  other  studied 
thermal  systems  in  North  America.  This  is 
particularly  evident  from  Table  1,  where  it 
may  be  seen  that  41  of  our  taxa  represent 
new  records  from  North  America  and/or 
Utah,  which  represents  31%  of  the  total  flora. 
Because  of  the  unusual  nature  of  the  Blue 
Lake  flora,  we  are  continuing  our  studies  of 
thermal  systems  in  the  Great  Basin  of  North 
America.  We  hope  to  provide  information  on 
diatom  floristics  and  ecology,  particularly  on 
the  chemical  and  physical  factors  important 
in  shaping  diatom  communities. 

Literature  Cited 

Clark,  R.  L.,  and  S.  R.  Rushforth.  In  press.  A  study  of 
the  algal  flora  of  selected  hanging  gardens  of 
Glen  Canyon,  Utah.  Great  Basin  Nat.  Mem. 

JoHANSEN,  J.  R.,  S.  R.  Rushforth,  and  J.  D. 
Brotherson.  198.3.  The  algal  flora  of  Navajo  Na- 
tional Monument,  Arizona,  USA.  Nova  Hedwigia 
.38:501-553. 

JoHANSEN,  J.,  S.  R.  Rushforth,  R.  Orbe.ndorfer,  N. 
Fungladda,  and  J.  A.  Grimes.  1983.  The  algal 
flora  of  selected  wet  walls  in  Zion  National  Park, 
Utah,  USA.  Nova  Hedwigia  38:765-808. 

Kaczmarska,  I.,  and  S.  R.  Rushforth.  1983.  The  diatom 
flora  of  Blue  Lake,  Tooele  County,  Utah.  Biblio- 
theca  Diatomologica  2(1):  1-123 

Rushforth,  S.  R.,  L.  L.  St.  Clair,  A.  T.  Leslie,  H.  K. 
Thorne,  and  D.  C.  Anderson.  1976.  The  algal 
flora  of  two  hanging  gardens  in  southeastern 
Utah.  Nova  Hedwigia  27:231-323. 

St.  Clair,  L.  L.,  and  S.  R.  Rushforth.  1976.  The  dia- 
tom flora  of  the  Goshen  Warm  Spring  ponds  and 
wet  meadows,  Goshen,  Utah,  USA.  Nova  Hed- 
wigia 28:35.3-425. 

1978.  The  diatom  flora  of  the  Goshen  Playa  and 

wet  meadow.  Nova  Hedwigia  29:191-229. 


HOST  TISSUE  RESPONSE  FOR  TROUT  INFECTED 
WITH  DIPHYLLOBOTHRIUM  CORDICEPS  LARVAE 

Terry  N.  Otto'  and  Richard  A.  Heckmann' 

Absthact.—  Diphyllobothhum  cordiceps  (Leidy  1871)  plerocercoids  are  present  as  enzootic  parasites  in  the  viscera 
and  skeletal  muscle  of  cutthroat  trout  {Salmo  clarki)  from  Yellowstone  National  Park,  Wyoming.  Eight  cutthroat 
trout  from  the  Yellowstone  River  were  examined  by  histological  technique  and  scanning  electron  microscopy  to  de- 
termine the  response  of  host  tissue  to  the  presence  of  diphyllobothriid  larvae.  All  fish  sampled  contained  encysted 
plerocercoids  on  the  serosa  of  the  pyloric  caeca  and  intestine.  In  addition  to  infection  of  the  exterior  of  the  alimen- 
tary tract,  muscle  tissue  was  infected  in  two  of  the  fish  sampled,  whereas  one  fish  had  infection  of  the  liver,  spleen, 
and  testis.  Intact  plerocercoids  were  encapsulated  with  connective  tissue  that  was  infiltrated  with  lymphocytes  and 
macrophages.  Granulomatous  tissue  that  was  fibrotic  was  also  present.  Pancreatic  tissue  was  displaced  in  infections 
associated  with  the  alimentarv  tract.  The  liver  showed  general  necrosis  with  edema,  and  the  spleen  demonstrated  a 
reduction  in  cellularity  and  increased  connective  tissue.  Testicular  tissue  compressed  by  an  adjacent  plerocercoid  ap- 
peared to  be  in  an  otherwise  normal  stage  of  development.  Necrotic  myofibrils  near  encapsulated  parasites  were  sep- 
arated by  edema  and  fatty  infiltration.  A  brief  morphologic  description  of  D.  cordiceps  is  presented.  In  general,  D. 
cordiceps  did  not  appear  to  produce  a  serious  debilitation  of  cutthroat  trout. 


The  plerocercoids  in  the  hfe  cycle  of  Di- 
phyUohothriurn  cordiceps  are  enzootic  in 
salnionids  of  Yellowstone  National  Park 
(YNP)  and  lakes  of  the  Northern  Rockies. 
This  parasite,  found  primarily  in  cutthroat 
trout  {Salmo  clarki),  has  been  reported  in 
rainbow  trout,  brook  trout,  brown  trout,  and 
grayling  (Post  1971).  After  the  initial  discov- 
ery by  Hayden  (1872),  the  diphyllobothriid 
plerocercoids  of  YNP  began  to  receive  a 
great  amount  of  attention  and  study.  The  his- 
tory of  D.  cordiceps  epitomizes  the  tax- 
onomic  confusion  that  is  prevalent  for  the 
plerocercoid  (metacestode)  stage  of 
Diphyllobothriwn. 

Presence  of  diphyllobothriid  larvae  in 
trout  of  Yellowstone  Lake  was  first  recorded 
during  Hayden's  1872  scientific  exploration 
of  Yellowstone  Park  (Hayden  1872).  Plero- 
cercoids were  sent  to  Leidy,  who  referred  the 
forms  to  Dibothriwn  cordiceps  {  =  Diphyllo- 
bothriwn cordiceps).  Leidy 's  determination  of 
Diphyllobothriwn  larvae  present  in  Yellow- 
stone trout  was  later  verified  by  Linton 
(1891a,  1891b).  Due  to  a  high  incidence  of 
infection,  public  and  scientific  interest  per- 
sists concerning  D.  cordiceps  in  trout  of  Yel- 
lowstone Park  (Post  1971).  The  aesthetic  ap- 
pearance of  infected  fish  has  been  of  major 
concern  to  YNP  biologists.  Currently  the 


number  of  plerocercoid  infected  trout  that 
have  been  discarded  by  fishermen  in  YNP  is 
estimated  to  be  approximately  300  fish  per 
month  (Varley  1978). 

Concerning  the  cestode  from  infected  YNP 
fish,  Skinker  (1933)  made  a  comparative 
study  and  reported  that  D.  cordiceps  and  D. 
latwn  were  synonomous.  Since  D.  latum  was 
known  to  be  pathogenic  for  man  (Davis 
1953),  more  definitive  research  was  neces- 
sary. To  determine  whether  a  public  health 
danger  was  present,  Woodbury  (1935)  in- 
gested in  two  trials  plerocercoids  from  Yel- 
lowstone trout.  He  concluded  that  humans 
were  unsuitable  hosts  when  no  viable  eggs  of 
helminth  parasites  were  found  after  adminis- 
tering an  anthelminthic  to  himself.  Meyer 
and  Robinson  (1963)  evaluated  Scott's  (1955) 
redescription  of  D.  cordiceps  as  inadequate 
for  comparative  studies,  and  then  stated  that 
D.  sebago  resembled  D.  cordiceps. 

Confusion  concerning  the  taxonomic  status 
of  D.  cordiceps  and  other  members  of  the 
genus  still  exists.  The  problem  was  appropri- 
ately summarized  by  Stunkard  (1965),  who 
quoted  a  colleague  as  saying,  "The  problem 
is  one  that  might  lead  a  respectable  tax- 
onomist  to  give  up  and  to  go  into  molecular 
biology." 
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The  life  cycle  of  D.  cordiceps  for  YNP  is 
similar  to  other  DiphyUobothrium  species. 
The  definitive  hosts  were  listed  by  Scott 
(1935)  as  White  Pelican  {Pelicanus  eryth- 
rorhyncus),  California  Gull  (Lams  argen- 
tatus),  and  American  Merganser  (Mergiis 
merganser  americanus).  Eggs  are  passed  from 
the  definitive  host's  feces  into  the  water, 
where  they  hatch  into  coracidia.  First  inter- 
mediate host  cRistaceans  ingest  the  coracidia. 
The  crustacean  host  has  not  been  identified 
and  was  once  thought  to  be  Diaptomus  (Post 
1971).  Recent  work  implicates  Eucyclops 
agilis  (Kingston  et  al.  1980)  as  a  first  inter- 
mediate host,  but  the  results  are  under  scru- 
tiny. The  infected  crustaceans  are  eaten  by 
fish,  the  second  intermediate  host,  which 
passes  the  developed  plerocercoid  to  pisci- 
vorous birds. 

Histopathogenesis  has  not  been  described 
for  D.  cordiceps  larvae  in  cutthroat  trout  of 
YNP.  However,  there  are  pathological  de- 
scriptions of  other  diphyllobothriid  plerocer- 
coids  in  trout.  For  example,  DiphyUoboth- 
rium sebago  does  not  encyst  but  penetrates 
the  heart  and  liver  in  brook  trout,  causing  ex- 
tensive hemorrhage  (Hoffman  and  Dunbar 
1961).  DiphyUobothrium  dendriticum  pro- 
duces edematous  granulation  tissue  in  the 
body  cavity  with  a  severe  anemia  (Hickey 
and  Harris  1947). 

The  two  objectives  of  this  work  are  to  as- 
sess the  tissue  damage  in  YNP  cutthroat  trout 
by  D.  cordiceps  plerocercoids  and  to  provide 
a  brief  morphological  description  of  D.  cordi- 
ceps larvae  at  the  light  and  electron  micro- 
scope levels. 


(Humason  1972)  for  light  microscopy  (LM). 
The  samples  were  embedded  in  Paraplast, 
sectioned  at  6  jum,  and  stained  using  Harris 
hematoxylin  (H  &  E),  Giemsa  (G),  and  Mal- 
lory's  trichrome  (MT).  Periodic-acid  Schiff 
reaction  (PAS)  was  used  to  demonstrate 
mucopolysaccharides  (Galigher  and  Kozloff 
1971,  Humanson  1972).  Cytological  and  his- 
tological structures  of  trout  tissue,  as  outlined 
by  Anderson  (1974),  were  observed  and  path- 
ological changes  recorded.  The  morphomet- 
ric  data  for  D.  cordiceps  were  recorded  from 
sections  of  plerocercoids  in  five  observations 
of  10  different  sections. 

Sections  of  host  tissue  containing  cestode 
larvae  were  fixed  with  3%  buffered  gluta- 
raldehyde  followed  by  standard  dehydration 
methods.  The  samples  were  mounted  on  a 
specimen  holder,  coated  with  gold  in  a  CS 
minicoater  sputter  apparatus,  and  viewed 
with  an  AM  Ray  1000  A  high  resolution  SEM 
operating  at  10  kv.  Micrographs  were  taken 
at  varying  magnifications.  Permanent  data  on 
the  micrographs  are  registered  with  a  digital 
data  keyboard  entry  system  attached  to  the 
AM  Ray  SEM.  On  each  micrograph  the  KV, 
magnification,  micron  bar,  plate  number,  lab- 
oratory location,  and  specimen  code  (PLER 
CES)  are  printed  at  the  bottom. 

Results  and  Discussion 

Cysts  were  found  in  all  cutthroat  trout 
sampled.  The  majority  of  the  cysts  were  at- 
tached to  the  alimentary  tract  (Fig.  1).  How- 
ever, 3  fish  had  infections  of  other  organs. 


Materials  and  Methods 

In  May  1979,  four  cutthroat  (Sahno  clarki) 
were  taken  by  line  from  each  of  two  loca- 
tions. Fishing  Bridge  and  Le  Hardy  Rapids, 
on  Yellowstone  River,  which  drains  from  Yel- 
lowstone Lake,  Yellowstone  National  Park, 
Wyoming.  Plerocercoids  (metacestodes)  were 
excised  from  muscle  and  viscera  and  fixed  in 
10%  neutral  buffered  formalin  for  light  mi- 
croscopy. Glvitaraldehyde  was  used  to  fix 
plerocercoids  for  scanning  electron  micro- 
scopial  (SEM)  studies  of  the  larvae. 

Approximately  50  tissue  samples  were  pro- 
cessed   according    to     standard    methods 


Fig.    1.  Encysted  plerocercoids  of  DiphyUobothrium 
cordiceps  (arrows)  along  intestinal  tract  (T). 
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Both  liver  and  spleen  in  one  fish  were  in- 
fected with  diphyllobothriid  plerocercoids, 
and  another  individual  trout  had  a  plerocer- 
coid  infection  of  the  testis  and  muscle  adja- 
cent to  the  kidney.  In  a  third  instance  a 
single  plerocercoid  was  observed  encysted  in 
the  hypaxial  muscle.  Cysts  varied  from  white 
to  light  brown  and  were  approximately  2  mm 
in  diameter  and  1-2  mm  thick.  Cysts  were  ei- 
ther in  intimate  contact  or  were  attached  to 
the  serosa  of  the  alimentary  tract  by  a  pe- 
dunculated string  of  connective  tissue  (CT). 
The  plerocercoid  infection  of  the  testis  was  a 
peritoneal  attachment,  and  those  of  the 
muscle,  liver,  and  spleen  were  next  to  the  pa- 
renchyma. Examination  of  cysts  using  histo- 
logic technique  showed  some  cysts  to  contain 
larvae,  whereas  other  cysts  appeared  to  have 
degenerating  parasites,  presumably  D.  cordi- 
ceps,  with  granulomatous  tissue  present. 

The  reaction  of  cutthroat  trout  to  infection 
with  D.  cordiceps  was  a  multicellular  con- 
nective tissue  chronic  inflammatory  response. 
Plerocercoids  were  encapsulated  by  dense 
CT  (Figs.  2  and  3)  and  infiltrated  pre- 
dominantly by  lymphoid  cells  with  occasion- 
al macrophages.  For  some  plerocercoid  in- 
fections a  short  acute  phase  characterized  by 
congestion,  edema,  and  hemorrhage  is  usually 
followed  by  the  longer  lasting  chronic  phase 
typified  by  CT  encapsvdation  (Cosgrove 
1975). 

A  characteristic  granulomatous  in- 
flammatory response  was  present  around  ap- 
parent degenerative  parasites  with  lympho- 
cytes, macrophages,  and  epitheloid  cells  as 
demonstrated  by  G  and  MT  stains.  PAS  posi- 
tive cells  were  usually  found  in  the  interior 
milieu  and  may  be  cells  of  the  mononuclear 
phagocyte  system. 

Chronic  inflammation  leading  to  fibrosis  is 
characteristic  in  many  diseases  of  fish  and  re- 
sults in  the  encystment  of  a  parasite  as  a 
method  of  isolating  an  irritating  agent  (Cos- 
grove  1975,  Hauck  1977,  Heckmann  and  Jen- 
sen 1978).  Many  of  the  sections  that  were 
prepared  had  a  pronounced  affinity  for  ani- 
line blue  of  MT,  which  indicates  an  active 
fibrosis  in  capsules  surrounding  D.  cordiceps 
(Arme  and  Owen  1967,  1969). 

Encapsulation  of  a  parasite  removes  it 
from  many  of  the  host  defense  mechanisms, 
thus  reducing  parasitic  stress  to  some  degree. 


Attempts  by  the  host  to  remove  or  resolve 
the  parasitic  infection  may  continue  within 
the  capsule. 

In  long-term  infections  fibrous  capsules 
can  become  calcified,  resulting  in  death  of 
the  plerocercoid  (Sweeting  1977).  No  evi- 
dence of  calcification  was  observed  in  this 
sample  or  in  previous  research  on  D.  cordi- 
ceps by  other  authors. 

Intestine  and  pyloric  ceca  adjacent  to  the 
cyst  had  an  edematous  muscularis  externa, 
and  degenerative  adipose,  displacement  of 
pancreatic  tissue,  and  occasional  mono- 
nuclear infiltration  of  the  muscularis  mucosa 
and  externa  (Fig.  2).  Fibrosis  of  adipose  and 
pancreatic  tissue  appeared  to  be  more  exten- 
sive near  cysts  with  degenerating  parasites 
than  those  with  intact  larvae. 

There  seemed  to  be  no  reaction  in  the  in- 
testinal mucosa  related  to  the  presence  of 
cestode  larvae  on  the  serosal  surface,  which 
might  interfere  with  digestion.  In  one  in- 
stance there  was  hyperplastic  CT  around  a 
submucosal  cyst  that  extended  into  the  in- 
testinal lumen.  The  cause  of  the  cyst  was  not 
apparent.  The  cyst  was  also  accompanied  by 
a  disruption  of  the  stratum  compactum  and 
inner  circular  muscle  layer  of  the  muscularis 
externa.  The  injury  to  the  mucosa  was  local- 
ized and  minor. 

Only  one  instance  of  gonadal  infection  was 
observed  in  a  male  cutthroat  trout.  The  CT 
of  the  tunica  albuginea  was  hyperplastic  in 
close  proximity  to  the  cestode  larva.  The 
capsule  was  typically  infiltrated  with  lym- 
phocytes and  macrophages.  A  major  effect 
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Fig.  2.  Fibrosis  of  adispose  and  pancreatic  tissue  (A) 
with  edema  of  pyloric  ceca  (PC)  near  DiphyUobotltritim 
cordiceps  larva  (L)  in  connective  tissue  capsule  (arrow). 
H  &  E  X  25. 
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was  the  compression  of  the  seminiferous  tu- 
bules (Fig.  4).  In  spite  of  the  compression, 
germinal  tissue  in  the  seminiferous  tubules 
appeared  to  be  in  a  normal  stage  of  devel- 
opment as  compared  to  Henderson's  (1962) 
description  of  brook  trout  testis.  Gonadal  re- 
tardation in  fish  has  been  caused  by  other 
pseudophyllidean  larva  {Ligula  intestinolis), 
which  produced  an  atrophic  condition  where 
it  was  difficult  to  separate  reproductive  tis- 
sue from  mesenteries  (Arme  1968).  Since 
Woodbury  (1935)  stated  that  sterility  of  trout 
could  result  from  a  D.  cordiceps  infection,  a 
more  thorough  investigation  of  gonadal  in- 
fection rate  and  possible  effects  on  germinal 
tissue  and  gonadotropic  hormones  should  be 
pursued. 

Skeletal  muscle  was  not  extensively  in- 
fected in  this  sample,  as  only  two  of  eight  fish 
had  noticeable  encysted  larvae.  Effects  of 
plerocercoid  larvae  in  muscle  produced  de- 
generation and  necrosis  of  nearby  myofibrils, 
fatty  infiltration,  and  edema.  Mononuclear 
infiltration  of  the  adipose  and  CT  was  con- 
comitant. In  one  fish,  larvae  encysted  near 
kidney  tissue  produced  an  edematous  condi- 


tion, interruption  of  the  epithelial  limiting 
membrane,  and  hypertrophy  of  the  renal  or- 
gan. Cells  of  the  kidjiey  appeared  to  be  in  a 
normal  condition.  The  necrosis  present  in 
muscle  sections  studied  would  probably  not 
produce  a  serious  debilitation  of  the  trout. 

A  single  infection  of  liver  by  a  Diphyllo- 
bothriiim  plerocercoid  induced  necrosis  of 
hepatocytes  (Fig.  5).  Melanomacrophages, 
lymphocytes,  and  tissue  macrophages  were 
present,  indicating  active  phagocytosis  of 
dead  host  tissue  and  parasite  by-products. 
Connective  tissue  infiltration,  localized  fi- 
brosis, into  the  sinusoids  was  also  prevalent. 
The  plerocercoid  was  intact  and  did  not  ap- 
pear degenerative. 

Hepatocyte  necrosis  is  not  common  in 
many  parasite  infections  (Cosgrove  1945),  but 
in  severe  infections  general  necrosis  may  oc- 
cur (Hauck  1977)  with  extensive  damage 
(Stromberg  and  Crites  1974).  As  long  as  the 
infection  persists,  fibrous  scarring  and  cir- 
rhosis might  result  in  reduced  liver  function. 
Obstruction  and  portal  hypertension  may  oc- 
cur when  sinusoids  are  compressed  or  oc- 
cluded (Stromberg  and  Crites  1974). 
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Fig.  3.  Plerocercoid  of  DiphtjUobothrium  cordiceps  (L)  partially  removed  from  connective  tissue  capsule  (C). 
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One  instance  of  spleen  infection  by  plero- 
cercoid  larvae  produced  a  compression  of  the 
spleen  but  no  necrosis.  The  spleen  appeared 
edematous,  with  a  decrease  in  germinal  cen- 
ter size  and  cellularity  and  an  increase  of  CT 
in  the  stroma.  There  was  an  abundance  of 
melano-macrophages  distributed  fairly  even- 
ly throughout  the  spleen.  Erythropoiesis  is  an 
important  fimction  of  the  spleen  (Lane  1979). 
Therefore,  damage  to  the  spleen,  whether 
partial  or  total,  could  lead  to  anemia  and  ac- 
companying reduced  vigor.  Depending  upon 
the  incidence  of  spleen  infection  in  the  cut- 
throat trout  of  YNP,  damage  to  the  erythro- 
poietic centers  in  the  spleen  may  be  an  im- 
portant factor  contributing  to  any  observed 
ill-health  of  infected  fish  (Ellis  1979). 

The  histopathogenesis  of  D.  cordiceps  lar- 
vae in  YNP  cutthroat  trout  did  not  appear  to 
be  gravely  debilitating.  The  chronic  in- 
flammation associated  with  D.  cordiceps 
plerocercoids  is  typical  of  such  a  parasitic  in- 
fection. The  amount  of  damage  to  infected 
viscera  was  minimal  except  perhaps  in  the 
case  of  spleen  and  liver,  both  of  which  had 
structural  changes  that  could  be  detrimental 
to  the  health  of  the  trout.  The  infection  ap- 
pears to  be  long  term,  and  a  decrease  in  vigor 
of  infected  fish  may  result  from  the  presence 
of  large  numbers  of  D.  cordiceps  larvae. 

Little  attention  has  been  given  to  numbers 
of  D.  cordiceps  larvae  in  cutthroat  trout. 
Scott  (1935)  recorded  approximate  plerocer- 
coid  populations  ranging  from  50  or  more  in 
each  fish.  Heckmann  (1971)  observed  over 
400  plercercoid  larvae  in  one  cutthroat  trout. 
Extensive   studies   have    not   been    recorded 


elucidating  effects  of  sublethal  infections  of 
D.  cordiceps  larvae  on  the  health  of  cutthroat 
trout,  either.  Histologic  examination  of  D. 
cordiceps  in  the  viscera  and  muscle  did  not 
appear  to  cause  lesions  that  would  be  dam- 
aging to  the  point  of  impairment,  except  in 
the  case  of  liver  and  spleen  infection. 

Woodbury  (1935)  stated  that  the  phys- 
iological well-being  of  cutthroat  trout  in- 
fected with  D.  cordiceps  larvae  could  be 
compromised  by  reduced  vitality  or  sterility. 
Parasitism  by  other  pseudophyllidean  larvae 
produced  poor  condition,  reduction  in  size, 
and  anemia  in  host  fish  (Arnie  and  Owen 
1969,  Hickey  and  Harris  1949,  Mahon  1976, 
Pitt  and  Grundman  1957).  Although  not  seen 
in  our  sampling  period,  Linton  (1891)  de- 
scribed heavily  infected  fish  of  Yellowstone 
Lake  as  being  emaciated.  He  also  observed 
erratic  swimming  of  infected  fish,  which  has 
also  been  seen  in  recent  years  (Post  1971)  in 
YNP. 

The  major  impact  of  YNP  cutthroat  trout 
infected  with  D.  cordiceps  seems  to  be  aes- 
thetic. Response  of  fishermen  has  been  to  dis- 
card infected  trout.  In  July  1959,  7500  un- 
cleaned  trout  were  found  in  garbage  cans  of 
YNP.  This  same  survey  was  duplicated  in 
1978,  and  a  monthly  estimate  of  discarded 
trout  for  the  month  of  July  was  approx- 
imately 300  (Varley  1978).  A  decrease  in  dis- 
carded trout  was  probably  due  to  a  change  of 
legal  size  limit  in  which  only  younger  fish 
were  kept.  Presumably  the  younger  fish 
would  have  a  lower  worm  burden  and  would 
be  more  acceptable  to  sportsmen  (Varley 
1980). 
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Fig.  4.  Compression  of  testis  by  encysted  Diphyllo- 
bothriiim  cordiceps  larva  with  fatty  infiltration  and 
edema.  H  &  E  X  25. 


Fig.  5.  Necrotic  hepatocytes  with  fibrosis  adjacent  to 
capsule  (C)  of  cestode  larva.  H  &  E  X  25. 
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The  value  of  histologic  features  of  Di- 
phyllobothrium  plercercoids  for  taxonomic 
purposes  was  cited  by  Halvorsen  (1970),  Kuh- 
low  (1953),  and  Meyer  (1963).  Some  morpho- 
logical characteristics  often  used  in  the  study 
of  diphyllobothriid  larvae  are  length  of  mi- 
crotrichia,  thickness  of  the  integument,  and 
longitudinal  parenchymal  musculature.  These 
and  other  histologic  features  are  shown  in 
Figure  6. 

Length  and  morphology  of  microtrichia 
have  been  used  for  taxonomic  purposes  both 
at  the  LM  (Halvorsen  1970)  and  SEM  (An- 
derson 1975)  levels.  The  length  of  micro- 
triches  (Table  1)  was  shorter  than  some  other 
species  of  DiphyJlobothriiim  (Halvorsen 
1970).  The  measurement  of  microtriches  was 
hampered  since  they  do  not  lie  flat,  nor  was 
the  base  properly  seen  in  histological 
sections. 

In  the  SEM  microphotographs  of  the  sur- 
face topography  for  D.  cordiceps  larvae,  mi- 
crotrichia appear  slender  (Fig.  7)  and  some- 
what densely  arranged.  The  scolex  region  is 
contracted  with  bothridia  visible  as  a  shallow 
groove  with  a  decreased  number  of  micro- 
trichia. The  integument  of  D.  cordiceps  lar- 
vae had  shallow  folds.  DiphyUobothrium  in- 
tegument has  active  metabolic  properties 
(Arme  1966,  Von  Bonsdorff  et  al.  1971),  and 
PAS  staining  showed  presence  of  mucopoly- 
saccharides in  the  integument.  No  PAS  reac- 
tion was  seen  in  the  plerocercoid  environ- 
ment precluding  possible  alkaline 
phosphatase  activity  by  D.  cordiceps  larvae 
(Moog  and  Wenger  1952).  The  integument 


was  approximately  8.6  ]um  thick  (Table  1). 
The  longitudinal  parenchymal  musculature 
(PM)  was  approximately  88.1  jum.  The  longi- 
tudinal parenchymal  musculature  may  vary 
in  thickness  in  various  parts  of  the  body  of 
diphyllobothriid  plerocercoids  (Halvorsen 
1970).  Therefore,  due  to  the  fact  that  the 
plerocercoids  were  sectioned  in  situ,  the  mor- 
phometric  data  for  the  longitudinal  paren- 
chymal muscle  may  require  further  study  on 
relaxed  whole  larvae. 

Earlier  in  the  history  of  D.  cordiceps,  the 
larvae  were  believed  to  be  similar  to  D.  la- 
tum (Skinker  1933).  It  is  evident  from  the 
morphometric  data  supplied  by  this  report 
that  D.  cordiceps  does  not  resemble  D.  latum 
since  the  latter  has  considerable  differences 
in  morphology  (Halvorsen  1970).  Com- 
parisons of  histologic  structures  of  D.  cordi- 
ceps larvae  can  be  made  with  other  DiphyUo- 
bothrium plerocercoids  to  assist  in 
establishing  the  identity  of  D.  cordiceps  in 
cutthroat  trout  of  YNP. 
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ORIENTATION  AND  SLOPE  PREFERENCE  IN  BARREL  CACTUS  {FEROCACTUS 
ACANTHODES)  AT  ITS  NORTHERN  DISTRIBUTION  LIMIT 

James  Ehleringer'  and  Donna  House' 

Abstr.\ct.—  Microsite  distribution  and  diurnal  tissue  temperature  fluctuations  were  measured  in  Fcrocactus  acan- 
tliodes  (l)arrel  cactus)  at  its  northern  distribution  limit  in  the  Beaver  Dam  Mountains  of  southwestern  Utah.  At  this 
location,  barrel  cacti  were  limited  to  south-facing  slopes.  Orientation  (azimuth  and  angle)  of  both  the  cactus  stem 
and  of  the  apical  region  at  the  top  of  the  cactus  were  nonrandom,  strongly  facing  south.  The  potential  adaptive  sig- 
nificance of  this  orientation  in  minimizing  apical  meristematic  tissue  damage  under  low  wintertime  conditions  and 
minimizing  high  temperature  damage  under  summertime  conditions  is  discussed. 


Barrel  cactiis  {Ferocactus  acanthodes  (Le- 
maire)  Britt.  and  Rose)  is  a  globular-columnar 
cactus  common  to  the  warm  desert  regions  of 
southwestern  North  America  (Shreve  and 
Wiggins  1964,  Benson  1982).  It  is  commonly 
foimd  on  rocky,  well-drained  slopes.  Overall, 
the  distribution  of  this  species  is  from  north- 
eastern Baja  California  in  the  south  to  the 
lower  slopes  of  the  Beaver  Dam  Mountains, 
Utah,  in  the  north.  Little  is  known  about  the 
factors  limiting  the  distribution  of  this  spe- 
cies, although  Nobel  (1980a)  has  suggested 
that  F.  viridescens,  a  small  globular  species,  is 
limited  to  warmer  sites  than  F.  acanthodes 
because  of  its  smaller  size  and  greater  heat 
loss  characteristics. 

Low  wintertime  temperatures  can  be  an 
important  factor  limiting  the  distributions  of 
many  cacti  (Shreve  1911,  1914;  Turnage  and 
Hinckley  1938).  Osmotic  water  potentials  of 
Sonoran  Desert  cacti  range  from  -0.4  to  -1.8 
MPa  (Walter  and  Stadelmann  1974),  which 
will  lower  the  freezing  point  less  than  1  C. 
Minimimi  temperatures  on  the  slopes  of  the 
Beaver  Dam  Mountains  are  often  below 
freezing,  and  24-hour  periods  of  subfreezing 
temperatures  are  rare,  but  known  to  occur 
(U.S.  Weather  Bureau  Records).  Thus,  freez- 
ing tissue  temperatures  would  appear  to  be 
possible  at  the  northern  distribution  limit  of 
the  barrel  cactus. 

The  purpose  of  this  study  was  to  in- 
vestigate factors  influencing  the  distribution 
of  F.  acantliodes  at  its  northern  distribution 


limit.  To  do  this,  we  measured  the  relation- 
ships between  plant  density  and  micro- 
distribution  as  related  to  wintertime  solar 
radiation  heating  and  the  diurnal  tissue  tem- 
perature fluctuations  in  the  winter  and  sum- 
mer seasons. 

Methods  and  Materials 

The  study  site  was  on  the  southwestern 
slopes  of  the  Beaver  Dam  Mountains  in  an 
area  within  1  km  of  Castle  Cliffs  (lat.  37°04' 
N,  lat.  113°52'  W).  The  mean  elevation  of 
the  sites  sampled  was  approximately  1250  m. 
Ferocactus  acanthodes  (Lemaire)  Britt.  & 
Rose  was  studied  in  situ  on  the  rocky  slopes 
where  they  occur  in  the  transition  zone  be- 
tween the  Great  Basin  and  Mohave  Desert 
vegetation  types.  This  transition  community 
was  dominated  by  Larrea  divaricata,  Coleo- 
gyne  ramosissinia,  Krameria  parviflora, 
Pruntis  fascictilata,  Opiintia  acanthocarpa, 
and  Yucca  brevi folia. 

Cactus  tissue  temperatures  were  measured 
at  a  depth  of  2-3  mm  below  the  epidermal 
surface  using  24-gage  copper-constantan 
thermocouples.  Air  temperature  at  50  cm 
was  measured  with  a  24-gage  copper-con- 
stantan thermocouple  shielded  to  reduce 
radiation  errors.  All  temperature  data  were 
sampled  at  one-minute  intervals  using  a  por- 
table micrologger  (model  CR21,  Campbell 
Scientific,  Logan,  Utah)  and  averaged  over  a 
60-minute  period. 
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Fig.  1.  Frequency  histogram  for  height  oi  Ferocactus  acanthodes  individuals  in  the  Castle  Cliffs  population  in  the 
Beaver  Dam  Mountains,  Utah. 


Orientation  of  the  barrel  cactus  and  of  the 
slopes  were  determined  by  measuring  the  az- 
imuth and  the  inclination.  Azimuth  was  mea- 
sured with  a  compass  to  the  nearest  5  degrees 
and  corrected  for  magnetic  deviation  from 
true  north.  In  expressing  azimuth  data,  zero 
is  due  south,  east  is  -90°,  and  west  is  -1-90°. 
Inclination  was  measured  with  an  in- 
clinometer to  the  nearest  5  degrees,  with  a 
horizontal  surface  being  0°.  Mean  azimuths 
and  angular  dispersion  were  calculated  trigo- 
nometrically  as  described  by  Zar  (1974).  An- 
gular dispersion  is  used  as  a  measure  of  the 
variance  about  the  mean  angle.  Angular  dis- 
persions range  from  a  maximum  dispersion  of 
0  to  a  minimmn  dispersion  of  1,  with  max- 
imum dispersion  being  refined  by  a  perfectly 
uniform  distribution  of  angles  around  the 
circle  (and  an  undefined  mean  angle)  (Zar 
1974). 

In  measuring  the  orientation  of  the  cactus, 
two  separate  sets  of  measurements  were  col- 
lected. First,  the  tilt  or  orientation  of  the  cac- 
tus body  was  measured.  Second,  the  orienta- 
tion of  the  apical  region  at  the  top  of  the 
cactus,  which  is  planar,  was  also  measured. 

Calculations  of  the  amount  of  direct  solar 
radiation  incident  on  a  slope  were  made  us- 
ing equations  available  in  Campbell  (1977) 
and  List  (1966). 


Barrel  cactus  densities  were  measured  on 
slopes  with  different  orientations.  All  slopes 
within  the  area  were  sampled,  but  data  are 
presented  for  only  those  slopes  having  barrel 
cacti.  For  these  data,  the  slope  area  sampled 
was  determined  by  the  size  of  the  slope  that 
had  a  uniform  orientation  and  varied  in  area 
from  100  m  2  to  2800  m  2. 

Results 

Barrel  cactus  height  at  this  site,  which  is 
the  northern  distribution  limit  for  the  species 
was  not  uniform  (Fig.  1).  Plant  height  varied 
from  10  cm  to  107  cm,  with  the  mode  being 
31-40  cm.  There  was  no  difference  between 
the  height  distributions  of  barrel  cactus  with 
neighboring  plants  and  those  without  neigh- 
boring plants,  and  therefore  the  two  distribu- 
tions were  lumped.  The  height  distribution 
was  skewed  to  the  left,  and  only  15%  of  the 
plants  were  taller  than  60  cm.  For  the  most 
part,  the  smaller  plants  were  globular.  The 
larger  the  cactus  was,  the  more  columnar  was 
its  shape.  Diameter  was  only  correlated  with 
height  for  the  smaller  individuals.  In  larger 
cactus,  the  diameter  was  essentially  constant. 
As  a  consequence,  88%  of  the  plants  had  di- 
ameters 20-39  cm. 

Orientation  of  the  cactus  was  determined 
by  measuring  the  angles  and  azimuths  of  the 
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Fig.  2.  Frequency  histogram  for  azimuth  direction  of 
the  apical  nieristematic  region  of  Ferocactus  acanthodes 
in  the  Castle  Cliffs  population  in  the  Beaver  Dam 
Mountains,  Utah.  South  is  0°,  east  is  -90°,  and  west  is 
+  90°. 

apical  region  and  of  the  entire  body.  There 
was  a  strong  tendency  for  the  apical  region 
of  the  cactus  to  face  south  mean  azimuth  of 
5.7°  and  a  dispersion  of  0.88  (Fig.  2).  In  fact, 
77%  of  the  apical  regions  were  facing  within 
15°  of  due  south.  There  was  also  a  strong 
tendency  for  the  body  of  the  cactus  to  tilt 
from  the  vertical.  The  mean  azimuth  direc- 
tion of  the  tilt  was  4.8°  with  a  dispersion  of 
0.82  (n  =  124),  which  again  was  in  effect 
facing  south.  The  mean  angle  of  the  apical 
region  plant  was  33.8°  ±  1.3°  (Fig.  3).  There 
were  35%  of  the  angles  in  the  31°-40°  range 
and  76%  21°-50°.  Body  angles  of  the  entire 
cactus  showed  essentially  the  same  variation 
as  the  angles  of  the  apical  region  plane  and 
averaged  47.5°  ±  2.3°. 

As  a  consequence  of  their  large  mass  and 
nonrandom  orientations,  cactus  tissue  tem- 
peratures were  above  air  temperatures  for 
much  of  the  time,  and  the  diurnal  variation 
in  tissue  temperatures  was  orientation  specif- 
ic. Figure  4  shows  the  diurnal  course  of  air 
and  tissue  temperatures  in  the  winter  and 
summer  seasons.  Although  cactus  tissue  tem- 
peratvires  were  correlated  with  air  temper- 
atures, there  was  a  time  lag  for  this  response 
and  the  response  was  very  much  dependent 
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Fig.  3.  Frequency  histogram  for  inclination  of  the 
apical  nieristematic  region  of  Ferocactus  acanthodes  in 
the  Castle  Cliffs  population  in  the  Beaver  Dam  Moun- 
tains, Utah. 

on  a  consideration  of  azimuth  orientation. 
Tissue  temperatures  on  the  east  side  of  the 
cactus  warmed  quickly  after  sunrise,  peaking 
before  noon  and  slowly  declining  throughout 
the  remainder  of  the  day.  Tissue  temper- 
atures on  the  west  side  of  the  cactus  exhib- 
ited an  almost  opposite  response,  with  tem- 
peratures peaking  in  the  late  afternoon  (data 
not  presented).  Tissue  temperatures  on  the 
apical  region  and  the  south-facing  cactus  tis- 
sues tracked  air  temperature  changes  during 
the  summer,  but  greatly  exceeded  air  temper- 
atures during  the  winter,  when  the  solar  ele- 
vation angle  was  lower. 

An  interesting  feature  of  the  temperature 
data  was  that  in  the  winter  apical  region  and 
south-facing  tissue  temperatures  were  much 
warmer  during  the  day  than  those  of  the  east- 
west  facing  tissues.  The  opposite  pattern  was 
observed  in  the  summer.  This  pattern  is  ex- 
plained by  the  changes  in  the  declination  of 
the  sun  between  the  two  seasons.  In  the  win- 
ter, when  the  sun  was  low  in  the  sky,  the 
apical  region  and  south-facing  tissue  received 
more  direct  solar  radiation  and  therefore 
heated  more  during  the  day.  In  the  summer 
months,  when  the  sun  was  higher  overhead,  it 
was  the  east-west-facing  tissue  that  received 
greater  intensities  of  solar  radiation. 
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Also  consistent  with  both  the  summer  and 
winter  data  sets  was  the  observation  that  the 
apical  region  was  cooler  at  night  than  other 
parts  of  the  cactus  and  was  usually  cooler 
than  air  temperature.  The  significance  of  this 
observation  will  be  discussed  in  the  next 
section. 

The  micro-distributions  of  the  barrel  cac- 
tus were  not  uniform  on  all  slopes.  The  cacti 
were  foimd  effectively  only  on  slopes  that 
faced  south  (Fig.  5).  The  density  of  barrel 
cactus  ranged  as  high  as  0.385  individuals  m"^ 
on  due-south-facing  slopes,  but  quickly  de- 
creased to  zero  when  slope  azimuth  deviated 
60  degrees  in  either  direction  from  south.  On 
all  slopes  where  the  cactus  density  was  great- 
er tlian  0.06  individuals  ni"^,  the  slope  angles 
were  inclined,  ranging  20° -25°.  In  contrast, 
the  slope  angles  at  sites  where  the  density 
was  less  than  0.06  were  mostly  less  than  20°. 

One  aspect  of  the  apparent  restriction  of 
barrel  cactus  to  south-facing  slopes  was  that 
the  amount  of  solar  radiation  incident  on 
these  slopes  during  the  winter  was  much 
higher  than  would  occur  on  either  a  horizon- 
tal surface  or  on  tilted  slopes  with  different 


orientations.  On  a  clear  day  at  the  winter  sol- 
stice (December  21),  the  total  daily  amount 
of  direct  solar  radiation  incident  on  a  hori- 
zontal slope  would  be  approximately  8  MJ 
m-2  From  our  observations,  the  barrel  cactus 
did  not  occur  on  slopes  with  less  than  11.5 
MJ  m-  day-^  total  solar  radiation,  and  high 
densities  of  cacti  did  not  occur  until  the  total 
solar  radiation  exceeded  13  MJ  m  -  day-' 
(Fig.  6). 

It  seems  likely  that  the  size  distributions  of 
barrel  cactus  on  slopes  with  contrasting  ori- 
entations should  be  different.  Unfortunately, 
the  limited  population  sizes  on  non-south- 
facing  slopes  were  so  small  that  statistical 
analyses  of  frequency-size  distributions  could 
not  be  made. 

Discussion 

The  distribution  of  the  barrel  cactus  {Fero- 
cactus acanthodes  may  be  limited  by  two  fac- 
tors at  its  northern  distribution  limit:  the 
ability  of  seedlings  to  become  established 
(drought)  and  the  ability  of  both  seedlings 
and  mature  plants  to  avoid  temperature  ex- 
tremes.   These    temperature   extremes   could 
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of  the  azimuth  of  the  slope  on  which  they  occurred  for 
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tains, Utah. 

include  low  minimum  tissue  temperatures, 
which  may  cause  freezing  damage,  as  well  as 
high  tissue  temperatures  resulting  in  high 
rates  of  water  loss  and  tissue  desiccation. 

Minimimi  tolerable  tissue  temperatures 
and  the  length  of  time  an  individual  is  ex- 
posed to  subzero  temperatures  have  been 
proposed  by  several  authors  as  primary  fac- 
tors limiting  the  distributions  of  a  number  of 
desert  cacti  in  southwestern  North  America 
(Shreve  1911,  1914,  Turange  and  Hinckley 
1938,  Niering  et  al.  1963,  Kincaide  1978). 
During  low  air  temperature  conditions,  mi- 
crosite  distribution  may  play  an  important 
role  in  survival.  South-facing  slopes  will  re- 
ceive greater  heating  by  solar  radiation  dur- 
ing the  cold  winter  months  than  any  other 
slope  orientation.  As  such,  plants  on  south- 
facing  slopes  should  be  exposed  to  higher  air 
temperatures  and  should  additionally  warm 
more  because  of  the  higher  incident  solar 
radiation  heat  loads.  In  this  study,  we  ob- 
served that  F.  acanthodes  were  restricted  to 
south-facing  slopes  and  that  the  highest  den- 
sities were  on  slopes  with  angles  20°-24°. 
The  highest  densities  were  found  on  those 
slopes  that  received  greater  heating  during 
the  winter  months. 

Ferocactiis  acanthodes  also  occurs  through- 
out much  of  the  Mohave  and  Sonoran 
deserts.  Yeaton  and  Cody  (1979)  showed  that 
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the  density  of  plants  varied  with  microsite  in 
those  deserts  as  well.  In  particular,  they 
found  that  in  the  warmest  year-round  site 
(Sonoran  Desert)  F.  acanthodes  were  most 
common  on  south-facing  slopes,  but  did  oc- 
cur in  lesser  amounts  on  east-west  and  north- 
facing  slopes.  At  the  cooler  Mohave  Desert 
sites,  F.  acanthodes  occurred  on  east-west 
and  south-facing  slopes,  but  not  on  north-fac- 
ing slopes.  Thus,  we  see  from  these  three  sites 
a  trend:  as  winter  temperatures  decrease,  the 
barrel  cactus  decrease  in  density  from  the 
slopes  that  receive  less  winter  solar  heating. 

Perhaps  the  most  cold  temperature-sensi- 
tive region  of  the  barrel  cactus  is  the  apical 
region  at  the  top  of  the  cactus.  Freezing  tem- 
perature damage  in  this  region  will  result  in 
mortality,  since  stems  are  solitary.  Nobel 
(1980a,  1980b,  1981)  has  shown  that  the 
minimum  nighttime  tissue  temperature  of  the 
apical  regions  of  columnar  cacti  species  are 
up  to  several  degrees  cooler  than  the  sides, 
because  of  the  greater  net  long-wave  radi- 
ation loss  to  the  sky.  The  extent  of  nighttime 
cooling  of  the  apical  region  will  be  a  func- 
tion of  the  surface  area  to  volume  ratio,  so 
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that  the  barrel  cactus  cools  more  slowly  than 
the  cylindrically  stemmed  Optintia  cactus. 
Our  data  corroborate  these  previous  observa- 
tions as  nighttime  tissue  temperatures  in  the 
apical  region  were  approximately  2  C  cooler 
than  the  cactus  sides,  both  in  the  winter  and 
in  the  summer. 

Since  the  apical  region  faced  south,  winter 
tissue  temperatures  should  rise  quickly  dur- 
ing the  day.  The  amount  of  solar  radiation 
absorbed  is  accentuated  by  steep  tissue  an- 
gles, such  as  were  observed  in  this  study.  As  a 
consequence  of  this  orientation,  midday  api- 
cal region  tissue  temperatures  in  the  winter 
were  as  much  as  19  C  above  air  temper- 
atures. Under  subzero  air  temperatures, 
which  may  occasionally  occur  during  the 
winter,  the  orientation  of  the  apical  region 
should  result  in  tissue  temperatures  being 
above  zero  during  the  daytime  hours.  This 
would  limit  the  time  that  the  apical  region 
was  exposed  to  potentially  low,  lethal  tem- 
peratures to  the  nighttime  only. 

Air  temperature  and  relative  humidites 
during  the  hot  summer  months  will  deter- 
mine the  evaporative  demand  imposed  on 
the  cactus.  Jordan  and  Nobel  (1981)  showed 
that  seedling  establishment  in  F.  acanthodes 
was  restricted  to  wetter,  cooler  than  average 
years,  since  in  most  years  seedlings  died  of 
desiccation  during  the  long  summer  drought. 
The  globular  shape  observed  in  younger 
plants  decreases  the  surface  to  volume  ratio, 
thereby  reducing  the  relative  surface  area  ex- 
posed for  transpiration.  This  also  reduces  the 
surface  area  for  photosynthesis. 

During  the  summer  months,  however,  very 
little  positive  net  photosynthesis  occurs  in 
these  plants  (Nobel  1977).  The  barrel  cactus 
possesses  CAM  photosynthesis  and  during 
drought  periods  open  their  stomates  at  night 
for  only  a  short  time.  Under  prolonged 
drought  these  plants  "idle"  and  do  not  open 
their  stomates  at  all.  Under  these  low  photo- 
synthesis conditions,  Ehleringer  et  al.  (1980) 
hypothesized  that  it  may  be  advantageous  for 
a  cactus  to  orient  such  that  the  photo- 
synthetic  surfaces  (sides  of  the  cactus)  re- 
ceived minimal  amounts  of  solar  radiation. 
This  is  what  was  observed  in  F.  acanthodes 
where  the  body  (stem)  of  the  cactus  was  tilt- 
ed at  approximately  47°  in  a  southerly  direc- 
tion. Such  an  orientation  will  minimize  solar 


radiation  incident  on  the  sides  of  the  cactus 
during  the  peaks  of  the  drought  period  in  the 
study  area  (September-October). 

Cactus  height  distributions  can  help  identi- 
fy the  periods  of  seedling  establishment  in  a 
population  (Shreve  1910,  Brum  1973,  Jordan 
and  Nobel  1981,  1982).  At  our  study  site  in 
the  Beaver  Dam  Mountains,  there  was  a 
single  peak  in  height  distribution  at  the 
31-40  cm  interval.  Additionally,  there  was 
only  a  single  individual  observed  to  be  less 
than  11  cm  tall  (it  was  10  cm).  Jordan  and 
Nobel  (1982)  determined  that  the  average 
yearly  growth  rate  was  a  constant  9  mm  yr-^ 
for  F.  acanthodes.  Using  this  estimate,  we 
calculate  that  no  new  barrel  cactus  plants 
have  become  established  in  the  Beaver  Dam 
population  since  approximately  1969  and 
that  a  major  period  of  establishment  was 
1937-1947.  Precipitation  records  for  the  re- 
gion bear  out  that  these  were  abnormally  wet 
periods. 
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A  SURVEY  AND  ASSESSMENT  OF  THE  RARE  VASCULAR  PLANTS 
OF  THE  IDAHO  NATIONAL  ENGINEERING  LABORATORY  SITE 

Anita  F.  Cholewa  and  Douglass  M.  Henderson' 

.\bstr.\ct.—  a  two-year  study  of  the  rare  vascular  plants  of  the  Idaho  National  Engineering  Laboratory  generated 
new  data  on  the  abundance,  distribution,  and  habitat  features  of  eight  taxa  presently  under  review  at  either  the  fed- 
eral or  state  level,  or  recently  proposed  for  such  review.  Astragalus  ccramicus  Sheld.  var.  apus  Barneby  is  common 
on  the  INEL  and  adjacent  areas  and  will  be  recommended  for  removal  from  further  consideration  at  the  federal  lev- 
el and  placed  on  Idaho's  Federal  Watch  List.  Con/phanta  missoiiriensis  (Sweet)  Britt.  &  Rose  is  common  throughout 
east  central  Idaho  ,  but  will  be  recommended  for  retainment  on  the  State  Watch  List.  Gijmnosteris  uiicIicauUs  (H.  & 
A.)  Greene  and  Oxi/theca  dendroidea  Nutt.  are  also  recommended  for  retention  on  the  State  Watch  List.  Four  taxa 
not  previously  known  to  occur  in  Idaho  or  not  known  from  the  southeastern  part  of  the  state  {Astragalus  gihiflorus 
Sheld.,  Astragalus  kentrophifta  Gray  var.  jessiae  (Peck)  Barneby,  Gilia  pohjcladon  Torr.,  and  Lesquerella  kingii  S. 
Wats.  var.  cobrensis  Roll.  &  Shaw)  were  encountered  and  evaluated  with  reference  to  current  or  potential  threats, 
and  are  recommended  for  placement  on  Idaho's  State  Watch  List. 


Passage  of  the  Endangered  Species  Act  of 
1973  and  the  subsequent  reauthorizations 
have  generated  considerable  interest  in  rare 
plant  and  animal  taxa,  especially  among 
those  federal  agencies  on  whose  lands  these 
organisms  occur.  The  multitude  of  questions 
from  land  managers  concerning  the  status  of 
rare  plants,  and  the  desire  to  know  more 
about  these  unusual  organisms,  have  resulted 
in  the  publication  of  numerous  manuals  gen- 
erally summarizing  data  on  a  state-by-state 
basis  (Henderson  et  al.  1977,  Mozingo  and 
Williams  1980,  and  others).  Additionally, 
some  federal  agencies  (e.g.,  U.S.  Forest  Ser- 
vice, BLM,  U.S.  Department  of  Energy)  have 
contracted  with  botanists  for  surveys  and  as- 
sessments of  the  rare  plants  occurring  on  fed- 
eral lands. 

Although  floristic  studies  have  been  ac- 
complished on  the  U.S.  Department  of 
Energy  Idaho  National  Engineering  Labora- 
tory (INEL)  site  (Atwood  1970,  Jeppson  and 
Holte  1978),  they  provided  little  information 
on  the  abimdance  and  distribution  of  plant 
taxa  inhabiting  it,  and  additional  studies 
would  be  necessary  if  accurate  assessments  of 
the  rare  plants  were  to  be  made.  The  U.S. 
Department  of  Energy,  therefore,  contracted 
with  the  University  of  Idaho  for  a  survey  and 
assessment  of  the  rare  vascular  plants  of  the 
INEL. 


Before  any  quantitative  analysis  of  impacts 
on  plants  can  be  made,  it  is  necessary  to 
gather  preliminary  information  on  their 
abundance  and  distribution.  Toward  this  ma- 
jor goal,  field  work  on  the  INEL  was  ini- 
tiated in  the  spring  of  1981  with  the  follow- 
ing objectives:  (1)  document  the  abundance 
and  distribution  of  all  rare  plant  taxa  occur- 
ring on  the  INEL,  (2)  assess  subjectively  cur- 
rent or  potential  threats  to  survival  of  the 
plants,  and  (3)  make  preliminary  recommen- 
dations to  the  Department  of  Energy  con- 
cerning the  status  and  management  of  habi- 
tats supporting  rare  plant  taxa. 


Study  Area 

The  approximately  one-half  million  acres 
of  the  INEL  are  located  near  the  eastern  end 
of  the  Snake  River  Plain  in  southeastern 
Idaho  (Fig.  1).  This  is  an  area  of  lava  flows 
and  deep  sand,  with  elevations  ranging  from 
2004  m  on  East  Butte  to  1454  m  in  the  Big 
Lost  River  Sinks.  The  vegetation  is  largely 
shrub-steppe,  with  Artemisia  tridentata  Nutt., 
Chrysothamniis  viscidiflortis  (Hook.)  Nutt., 
Agropyron  spicatum  (Pursh)  Scribn.  &  Smith, 
and  Poa  secunda  Presl  predominating,  al- 
though woodlands  of  Jtiniperus  osteospenna 
(Torr.)  Little  occur  locally. 
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Fig.  1.  Location  of  Idaho  National  Engineering  Laboratory. 


Methods 

Since  many  rare  plant  taxa  are  known  to 
be  highly  restricted  to  particular  habitats, 
concentrated  searching  in  suitable  habitats  is 
likely  to  be  the  most  productive.  Toward  this 
objective,  a  tentative  list  of  rare  plant  taxa 
was  compiled  to  include  known  distribution, 
habitat,  and  phenological  data.  This  list  was 
generated  largely  from  The  Vascular  Plant 
Species  of  Concern  in  Idaho  (Rare  and  En- 
dangered Plants  Technical  Committee,  Idaho 
Natural  Areas  Council  [INAC],  1981)  and 
supplemented  with  recent  data  supplied  by 
the  herbaria  of  the  College  of  Idaho  (CIC), 
University  of  Idaho  (ID),  and  Idaho  State 
University  (IDS). 

Likely  habitats  were  identified  and  located 
with  the  use  of  USGS  topographic  maps,  a 
vegetation  map  of  the  INEL  (McBride  et  al. 
1978),  assistance  from  INEL  personnel,  and 
prior  personal   experience   within   the   area. 


These    habitats    were    then    searched    in- 
tensively in  two  subsequent  field  seasons. 

Upon  encountering  a  species  of  concern,  a 
subjective  evaluation  was  made  of  population 
size  and  condition  (including  reproductive 
success),  current  or  potential  threats  under 
existing  management,  and  details  of  the  habi- 
tat including  associated  species.  Voucher 
specimens  are  deposited  at  ID,  IDS,  and  the 
herbarium  of  the  Radiological  and  Environ- 
mental Sciences  Laboratory  on  the  INEL. 

Results  and  Discussion 

Four  taxa  from  the  tentative  working  list 
were  encountered  during  the  study,  one  of 
which  is  currently  a  candidate  for  federal  re- 
view, and  three  are  of  state  concern.  No 
plant  taxa  currently  established  as  either  en- 
dangered or  threatened  at  the  federal  or  state 
levels  were  encountered  on  the  INEL.  Addi- 
tional taxa  not  previously  known  from  Idaho 
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or  which  represented  significant  range  exten- 
sions within  Idaho,  were  also  encountered. 
These  taxa  were  evaluated  in  the  same  man- 
ner as  taxa  from  tlie  working  list. 

Candidate  Taxa  for  Federal  Review 

Astragalus  ceramicus  Sheld.  var.  apiis 
Bameby  (Fabaceae).—  Previously  known  as 
an  inhabitant  of  dunes  and  other  sandy  places 
(Hitchcock  et  al.  1961,  Barneby  1964),  this 
taxon  is  endemic  to  the  eastern  end  of  the 
Snake  River  Plain.  It  was  generally  consid- 
ered to  be  rare  by  members  of  the  Rare  and 
Endangered  Plants  Technical  Committee, 
INAC  (1981),  although  it  was  reported  to  be 
a  co-dominant  in  sandy  areas  near  the  north 
end  of  the  INEL  (Anderson  et  al.  1978).  This 
taxon  is  limited  primarily  to  areas  of  moder- 
ate to  deep  sand  and  in  communities  with  Ar- 
temisia tridentata  ssp.  tridentata,  Chryso- 
thammis  viscidiflorus,  Stipa  comata  Trin.  & 
Rupr.,  and  Oryzopsis  hymenoides  (R.  &  S.) 
Ricker  predominating. 

Over  30  populations,  each  with  numerous 
individuals,  were  encountered  on  the  INEL 
during  our  study.  Additional  populations 
were  also  encountered  in  similar  habitats  ad- 
jacent to  the  INEL  and  in  other  areas  of  the 
eastern  Snake  River  Plain. 

Reproductive  success  appears  to  be  moder- 
ate, with  perhaps  four  to  five  legumes  pro- 
duced per  aerial  stem,  and  some  seedlings 
were  observed  each  season.  Vegetative 
growth,  however,  through  the  production  of 
extensive  rhizomes,  appears  to  be  vigorous. 

Nearly  all  populations  examined  are  sub- 
jected to  grazing  by  both  cattle  and  sheep, 
although  without  definitive  studies  the  im- 
pact of  this  activity  on  the  populations  re- 
mains largely  imknown. 

The  apparent  reproductive  success,  even 
with  grazing,  and  the  numerous  populations 
supporting  many  thousands  of  individuals 
now  known  throughout  the  eastern  Snake 
River  Plain  probably  do  not  justify  its  status 
as  a  candidate  for  federal  review.  We  have 
suggested  instead  that  it  be  considered  for 
placement  on  the  state  list  of  endemics  or 
near  endemics  that  do  not  appear  to  be  in 
jeopardy,  Idaho's  Federal  Watch  List. 


Idaho  State  Watch  List  Taxa 

Astragalus  gilviflorus  Sheld.  (Fabaceae).— 
Prior  to  its  recent  discovery  in  Idaho  in  1981 
by  Goodrich  (Goodrich  et  al.  1983),  this  spe- 
cies was  known  only  as  far  west  as  Madison 
County,  Montana.  A  single  population  is  now 
known  from  a  limestone  ridge  on  the  extreme 
southern  end  of  the  Beaverhead  Mountains  at 
Reno  Point  along  the  northeast  border  of  the 
INEL.  At  this  site  there  is  virtually  no  soil 
development  and  the  approximately  100 
scattered  plants  are  rooted  in  cracks  in  the 
bedrock  within  an  open  community  of  Arte- 
misia arbuscula  Nutt.  var.  nova  (A.  Nels.) 
Cronq.,  A.  tridentata  ssp.  wyomingensis 
Beetle,  Poa  secunda,  and  Petrophytum  caes- 
pitosum  (Nutt.)  Rydb.  Close  associates  here 
include  Tanacetum  nuttallii  T.  &  G.,  Hy- 
menopappus  filifolius  Hook.  var.  idahoensis 
Turner,  and  Penstemon  aridus  Rydb. 

Although  this  area  is  open  to  grazing,  the 
rocky  nature  of  the  habitat  and  the  extremely 
compact  habit  of  Astragalus  gilviflorus  pre- 
cludes any  significant  impact  from  grazing 
animals. 

We  have  recommended  to  the  Rare  and 
Endangered  Plants  Technical  Committee, 
INAC,  that  this  taxon  be  placed  on  the  State 
Watch  List  for  Idaho,  and  suggest  that  addi- 
tional similar  habitats  within  this  area  be 
searched.  Although  its  habit  is  distinctive,  the 
plants  can  be  easily  overlooked. 

Astragalus  kentrophyta  Gray  var.  jessiae 
(Peck)  Barneby  (Fabaceae).—  This  variety 
was  reported  to  have  a  bimodal  distribution 
with  an  eastern  center  in  southwestern 
Wyoming  and  a  western  component  in  south- 
western Idaho  and  adjacent  Oregon  (Barneby 
1964).  The  variety  was  discovered  on  the 
INEL  during  the  course  of  our  study  and  was 
reported  as  a  significant  addition  to  its 
known  range  (Cholewa  and  Henderson  1983). 

Only  three  small  populations  are  now 
known  from  the  eastern  Snake  River  Plain, 
all  within  the  INEL.  The  habitats  are  charac- 
terized by  deep  gravelly  sand  derived  from 
highly  erodable  silicic  volcanic  deposits  at 
the  southern  end  of  the  Lemhi  Range.  The 
community  here  has  been  characterized  as  a 
Juniperus  osteosperma/ Artemisia  triden- 
tata /  Agropyron  spicatum  vegetation  type 
(McBride  et  al.  1978),  but  the  sites  support- 
ing Astragalus  kentrophyta   var.   jessiae  are 
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distinctive  in  lacking  the  Artemisia.  Associ- 
ated species  include  Eriogoniim  ovalifolitim 
Nutt.,  Arenaria  franklinii  Dougl.,  and  Aris- 
tida  purpurea  Nutt.  var.  longiseta  (Steudel) 
Vasey. 

It  is  clear  from  additional  weedy  species 
present  and  the  obvious  evidence  of  erosion 
that  disturbance  is  a  significant  factor  of  this 
habitat.  It  is  not  clear,  however,  what  in- 
fluence the  rather  heavy  grazing  in  the  past 
has  had  on  this  taxon.  For  these  reasons  we 
have  recommended  placement  of  this  taxon 
on  the  State  Watch  List  for  Idaho. 

ConjpJuintha  missoiiriensis  (Sweet)  Britt.  & 
Rose  (Cactaceae).—  Within  the  INEL  this 
species  appears  to  be  restricted  to  gravelly 
flats  and  rocky  ridges  along  the  northern 
boimdary  in  communities  of  Artemisia  triden- 
tata  ssp.  wijomingensis  or  A.  arbuscida  var. 
nova,  both  with  Poa  secunda  as  an  important 
grass  associate.  Elsewhere  in  east  central 
Idaho  Coryphantha  missoiiriensis  is 
abimdant. 

No  present  threats  to  this  species  are  ap- 
parent, although  the  possibility  of  future  ex- 
ploitation by  cactus  hunters  prompted  its 
placement  on  the  State  Watch  List  for  Idaho. 

Gilia  polycladon  Torr.  (Polemoniaceae).— 
A  member  of  the  western  Great  Basin  flora, 
its  distribution  in  Idaho  has  been  described 
only  as  "the  sagebrush  zones  of  s.  w.  Idaho" 
(Davis  1952),  with  no  further  data  on  specific 
locations.  Its  discovery  on  the  INEL  repre- 
sents an  extension  to  eastern  Idaho  (Cholewa 
and  Henderson  1983). 

Only  a  few  locations  are  known  for  this 
taxon,  on  the  INEL  and  on  National  Forest 
land  to  the  northwest;  all  are  on  rocky  slopes 
of  volcanic  or  limestone  origin.  The  commu- 
nities are  dominated  by  Artemisia  arbuscida 
var.  nova  or  Elymus  ambiguus  Vasey  & 
Scribn.  Close  associates  vary  considerably 
among  the  areas  but  often  include  such  taxa 
as  Langloisia  setosissima  (T.  &  G.)  Greene 
ssp.  punctata  (Gov.)  Timbrook,  Loppula  re- 
dowskii  (Hornem.)  Greene,  Lupinus  piisillus 
Pursh,  and  Cymopterus  glaucus  Nutt. 

Although  the  populations  are  located  with- 
in areas  open  to  livestock,  the  dry,  rocky 
slopes  probably  prevent  excessive  grazing. 
We  have  recommended  placement  on 
Idaho's  State  Watch  List  until  more  data  are 
available. 


Lesquerella  kingii  S.  Wats.  var.  cobrensis 
Roll.  &  Shaw  (Brassicaceae).—  This  species 
is  also  a  member  of  the  Great  Basin  flora  and 
was  not  known  to  occur  in  Idaho  prior  to  our 
study.  The  var.  cobrensis,  formerly  known 
only  from  the  Pequop  Range  of  Elko  Gounty, 
Nevada  (Rollins  and  Shaw  1973),  was  discov- 
ered in  the  south  central  portion  of  the  INEL 
(Gholewa  and  Henderson  1983).  Habitats  of 
the  few  Idaho  populations  are  characterized 
by  recent  volcanics  with  extremely  shallow 
soil.  These  open  habitats  are  dominated  by 
Artemisia  tridentata  ssp.  wyomingensis, 
Chrysothamnus  viscidiflorus,  Gutierrezia  sa- 
rothrae  (Pursh)  Britt.  &  Rusby,  and  Poa  se- 
cunda, with  no  apparent  constant  associates. 

Although  occurring  in  an  area  open  to 
grazing,  cattle  may  be  excluded  by  the  rocky 
nature  of  the  habitat,  but  the  full  impact  of 
livestock  is  presently  unknown.  Our  recom- 
mendations, therefore,  were  placement  on 
the  State  Watch  List  for  Idaho  and  to  search 
for  additional  populations. 
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SUMMER  FOOD  HABITS  OF  A  SMALL  MAMMAL 
COMMUNITY  IN  THE  PINYON-JUNIPER  ECOSYSTEM 

Jonathan  B.  Haiifleil'^  and  Jnlius  G.  Nagy' 

Abstract.—  Snnimer  food  habits  of  a  small  mammal  commnnity  in  the  Piceance  Basin  of  Colorado  were  in- 
vestigated during  1977  and  1978  using  a  combination  of  fecal  and  stomach  content  analyses.  Three  species,  deer 
mice  {Pcroinyscus  mauiciikitiis),  least  chipmunks  (Eutamias  itimhniis).  and  plains  pocket  mice  {Perognathus  flaves- 
ccns)  consumed  arthropods  as  the  majority  of  their  diets.  Bushv-tailed  woodrats  (Xeotomo  cinerea)  consumed  pre- 
dominantly woody  vegetation,  and  the  diet  of  golden-mantled  groimd  squirrels  {Spermophihis  lateralis)  consisted  pri- 
marily of  forbs  and  fungi.  Mountain  cottontails  (Sijlvilagiis  nutialli)  depended  heavily  on  grasses,  with  a  mix  of 
woodv  vegetation  and  forbs  composing  the  remainder  of  their  diet.  Most  of  the  species  investigated  selected  differ- 
ent foods  and  thus  avoided  competition  for  food.  Plains  pocket  mice  mav  have  competed  with  deer  mice  for  arthro- 
pods in  1977. 


The  Piceance  Basin  of  Colorado  is  an  area 
where  oil  shale  developments  are  occurring 
at  a  rapid  rate.  The  food  habits  of  small 
mammals  occurring  in  the  Piceance  Basin  are 
poorly  understood.  It  is  important  to  deter- 
mine wildlife  food  habits  so  that  wildlife 
foods  and  food  chains  can  be  considered  in 
impact  assessments.  It  was  therefore  consid- 
ered important  to  investigate  small  mammal 
food  habits  and  foraging  relationships  in  the 
Piceance  Basin.  Food  habits  of  deer  mice 
{Perornyscus  maniculatus),  plains  pocket 
mice  {Perognathus  flavescens),  golden-man- 
tled groimd  squirrels  {Spennophilus  lateralis), 
bushy-tailed  woodrats  {Neotoma  cinerea), 
least  chipmunks  {Eutamias  ininiinus),  and 
mountain  cottontails  {Sylvilagus  nuttalli) 
were  investigated  during  the  summers  of 
1977  and  1978. 

Study  Area 

The  Piceance  Basin  covers  an  area  of  ap- 
proximately 3500  km  2.  It  is  a  rolling  uplands 
area  consisting  of  approximately  32%  upland 
sagebrush  commimities,  35%  pinyon-juniper 
communities,  20%  mixed  mountain  shrub 
communities,  3%  bottomland  sagebrush  com- 
mimities, and  9%  other  associations  or  uses 
(Wymore  1974).  Mean  annual  precipitation  is 
406  mm,  and  the  mean  annual  temperature  is 
about  7  C  (Wymore  1974). 


The  study  area  for  this  investigation  was 
situated  along  the  edge  of  a  chained  and  a 
mature,  unchained  pinyon-juniper  woodland 
(Sec.  3  and  9,  T3S,  R97W).  The  area  had  a 
slope  of  5-10%  on  a  northwesterly  aspect  at 
an  elevation  of  2100-2150  m.  Chaining  of 
the  area,  a  process  that  involves  dragging  a 
heavy  chain  behind  two  bulldozers  to  knock 
down  vegetation,  was  done  10  years  prior  to 
this  study. 

Vegetation  on  the  study  area  was  stratified 
into  two  types:  the  mature  pinyon-juniper 
woodland  and  the  chained  area  dominated  by 
sagebrush  and  other  shrubs.  Vegetative  cover 
was  described  by  use  of  the  line  intercept 
method  (Gysel  and  Lyon  1980).  The  edge  be- 
tween these  two  vegetation  types  was  very 
narrow,  lacking  a  discernible  ecotonal  area. 

In  the  mature  pinyon-juniper  woodland,  an 
overstory  of  piny  on  pine  {Pinus  edulis)  and 
Utah  juniper  {Juniperus  osteosperma)  ac- 
counted for  approximately  85%  of  the  total 
vegetative  cover  of  the  area  (Table  1).  Shrubs 
in  the  understory  accounted  for  10%  of  the 
vegetative  cover  and  included  big  sagebrush 
{Arte7nisia  tridentata),  Utah  serviceberry 
{Amelanchier  utahensis),  alder-leaf  mountain 
mahogany  {Cercocarpus  montanus),  antelope 
bitterbrush  {Purshia  tridentata),  snowberry 
{Symphoricarpus  oreophilus),  and  several  spe- 
cies of  rabbitbnish  (Chrysothamnus  spp.).  A 
number  of  species  of  grasses  and  forbs  com- 
posed  the   remaining  5%   of  the   vegetative 
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cover.  Dominant  grasses  were  western 
wheatgrass  {Agropyron  smithii),  prairie  june- 
grass  {Koeleria  cristata),  needle-and-thread 
grass  [Stipa  comata),  and  downy  brome 
{Bromus  tectorum).  The  most  abundant  forbs 
included  thistle  {Cirsium  sp.),  prickly  pear 
{Opuntia  polyacantha),  mallow  (Sphaeralcea 
coccinia),  fleabane  {Erigeron  sp.),  and  penste- 
mon  {Penstemon  sp.).  It  should  be  noted  that 
1977  was  an  exceptionally  dry  year  in  the  Pi- 
ceance  Basin  (Rio  Blanco  Oil  Shale  Project 
1978),  reducing  the  relative  amounts  of 
grasses  and  forbs. 

Chained  pinyon-juniper  areas  contained 
the  same  composition  of  plant  species  as  the 
mature  pinyon-juniper  woodlands.  Amounts 
of  these  species  differed  considerably,  how- 
ever. Pinyon  pine  and  Utah  juniper  com- 
posed only  21%  of  the  vegetative  cover 
(Table  1).  Shrubs  composed  approximately 
63%  of  the  vegetative  cover,  with  big  sage- 
brush, Utah  serviceberry,  and  snowberry  the 
most  abundant  species. 

Methods 

Food  habits  of  selected  species  were  deter- 
mined in  both  1977  and  1978  by  the  use  of 
fecal  analysis.  Scats  for  the  fecal  analyses 
were  collected  from  first-time  captures  of  an- 
imals in  live  traps  located  throughout  the 
study  area  during  June  and  July.  Collected 
scats  were  dried  and  stored  in  envelopes  until 
analysis.  In  addition,  food  habits  of  selected 
species  were  determined  by  the  use  of  stom- 
ach content  analyses  in  June  1978.  Selected 
species  were  collected  by  trapping  or  shoot- 
ing, and  their  stomach  contents  were  re- 
moved and  frozen.  Both  fecal  and  stomach 
content  analyses  were  conducted  at  the  Com- 
position Analysis  Laboratory  in  the  Depart- 
ment of  Range  Science  at  Colorado  State 
University. 

Fecal  analysis  is  a  procedure  in  which 
plant  fragments  in  the  feces  of  herbivores  are 
microscopically  identified.  Arthropod  parts 
in  the  feces  of  an  animal  can  also  be  identi- 
fied in  this  process  using  lower  magnification. 
The  Sparks  and  Malechek  method  (1968),  us- 
ing microscopic  techniques  for  estimating 
percentage  of  dry  weight  expressed  as  per- 
cent relative  density  of  each  item  in  a  diet, 
was  utilized  by  the  Composition  Analysis 
Laboratory. 


Analysis  of  omnivore  feces  in  1977  utilized 
a  two-stage  analysis.  The  first  stage  identified 
arthropods  in  the  diet  using  a  chosen  number 
of  low  magnification  "fields."  The  second 
stage  of  the  analysis  used  a  chosen  number  of 
high-power  "points"  for  the  identification  of 
plant  species. 

In  1977  both  fields  and  points  were  used  in 
sample  analyses.  In  1978  only  the  high-power 
point  analysis  was  used  in  the  fecal  analyses. 
This  provided  information  on  amounts  of 
plant  species  and  on  the  total  amounts  of  ar- 
thropods in  each  diet,  but  did  not  break 
down  the  arthropod  component.  Stomach 
contents  of  animals  collected  in  1978  were 
also  analyzed  for  composition  of  food  items 
using  the  point  analysis. 

Chipmunk  food  habits  were  to  be  deter- 
mined in  both  1977  and  1978,  but  small  chip- 
munk populations  during  the  sampling  peri- 
od made  it  unfeasible  to  collect  an  adequate 
sample  size  in  1978. 

Means  and  standard  errors  were  deter- 
mined for  all  food  items.  Stomach  contents 
and  fecal  samples  were  compared  by  the  use 
of  a  t  test  to  determine  important  food  items 
in  the  diet  of  deer  mice.  Comparisons  were 
also  made  between  deer  mice  food  habits  in 
1977  and  1978. 

Results 

In  1977,  72  fecal  samples  from  deer  mice 
were  collected.  These  were  combined  into  24 
composite  fecal  samples  of  3  deer  mice  each. 
Similarly,  fecal  samples  from  60  least  chip- 
munks were  combined  to  make  20  composite 
fecal  samples  of  3  least  chipmunks  each. 
Twelve  individual  fecal  samples  from  golden- 
mantled  ground  squirrels  were  analyzed,  as 
were  8  individual  fecal  samples  from  bushy- 


Table  L  Percent  cover  of  vegetation  categories  in 
vegetation  types  sampled  in  the  Piceance  Basin,  Colo- 
rado, July  1977.  Cover  values  are  means  and  standard 
errors. 


Unchained 
pinyon-juniper 
Study  area  woodland  Chained  area 


Grasses 
Forbs 
Shrubs 
Trees 


1.23  ±  0.12 

0.94  ±  0.60 

4..33  ±  0.66 

.37.69  ±  2.01 


1.94  ±  0.17 

0.67  ±  0.10 

10.44  ±  1.06 

3.56  ±  0.54 


January  1984 
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tailed  woodrats  and  10  individual  fecal  sam- 
ples from  plains  pocket  mice.  Means  and 
standard  errors  of  all  food  items  comprising 
at  least  1.0%  of  the  diet  of  these  five  species 
are  listed  in  Table  2.  Arthropods  identified  in 
the  feces  of  the  omnivorous  species  (deer 
mice,  least  chipmimks,  plains  pocket  mice, 
and  golden-mantled  groimd  squirrels)  are  list- 
ed in  Table  3. 

Stomach  contents  from  1978  sampling 
were  analyzed  for  43  deer  mice,  10  cotton- 
tails, and  8  golden-mantled  ground  squirrels. 
In  addition,  62  composite  fecal  samples  of  3 
deer  mice  each  were  analyzed  in  1978. 

In  1978,  only  two  food  items  were  found 
to  compose  more  than  1.0%  of  the  diet  of 
deer  mice  based  on  either  fecal  or  stomach 
analyses.  Fecal  analyses  revealed  that  arthro- 
pods composed  95.8%  of  the  diet  of  deer 
mice,  with  a  standard  error  of  1.0%.  Seeds 
composed  1.60  ±  0.9%  (mean  and  standard 
error)  of  the  diet  based  on  fecal  analyses. 
Analyses  of  stomach  contents  indicated  that 


83.8  ±  2.4%  of  the  diet  was  arthropods,  and 
14.5  ±  2.4%  of  the  diet  was  seeds.  Com- 
parisons of  fecal  to  stomach  contents  by  the 
use  of  a  t  test  revealed  that  estimates  of  both 
arthropods  and  seeds  in  the  diets  were  differ- 
ent (p<  0.001).  In  addition,  arthropod  and 
seed  estimates  determined  by  fecal  analysis 
were  compared  between  1977  and  1978.  No 
difference  was  found  in  seeds  (p>0.05),  but 
arthropod  estimates  were  lower  in  1977  than 
in  1978  (p<0.01). 

Major  food  items  identified  in  the  stomach 
contents  of  cottontails  and  golden-mantled 
ground  squirrels  in  1978  are  listed  in  Table  4. 

Discussion 

In  1977  the  diet  of  deer  mice  consisted 
predominantly  of  arthropods.  No  other  food 
item  composed  more  than  2.0%  of  the  diet,  as 
determined  by  fecal  analysis.  Although  past 
investigations  have  identified  insects  as  im- 
portant foods  of  deer  mice,  especially  in  the 


Table  2.  Food  habits  as  determined  by  fecal  analysis  of  selected  small  mammals  sampled  during  July-August 
1977  in  the  Piceance  Basin,  Colorado.  Values  are  means  and  standard  errors  of  percent  relative  density  of  food  items 
accounting  for  more  than  1.0%  of  the  diet  of  a  species. 


Bushy-tailed 

Plains  pocket 

Golden-mantled 

Deer  Mice 

Chipmunks 

woodrat 

mice 

ground  squirrel 

Food  item 

N  =  24 

N  =  , 

20 

N  =  8 

N  =  10 

N=12 

Grasses 

Agropi/ron 

1.5  ±  1.5 

Koeleria 

2.7  ±  2.7 

Stipa 

1.1  ±  1.0 

Bromus 

2.9  ±  2.0 

Forbs 

Astragalus 

1.5  ±  0.9 

6.2  ±  3.9 

Erigeron 

2.8  ± 

1.0 

1.2  ±  0.7 

6.4  ±  2.7 

Cirsiiim 

1.1  ±  0.6 

6.1  ± 

2.2 

31.2  ±  11.0 

Phlox 

5.1  ±  4.8 

Spaeralcea 

11.5  ±  5.1 

2.9  ±  1.2 

Balsamorhiza 

.3.9  ±  2.5 

Opiintia 

1.9  ± 

1.9 

Woody  vegetation 

Ptirshia  tridentata 

65.5  ±  4.2 

16.6  ±  6.8 

Artemisia 

1.3  ± 

0.5 

Symphoricarpos 

10.2  ±  4.2 

Cercocarpits 

1.1  ±  0.,3 

2.2  ± 

1.5 

Amelanchier 

9.0  ±  3.7 

Quercus 

3.2  ±  3.2 

Pinus 

1.3  ±  0.3 

4.0  ± 

0.9 

2.3  ±  2.0 

3.2  ±  2.1 

Juniperiis 

1.0  ±  0.3 

4.3  ± 

1.2 

4.4  ±  1.7 

16.8  ±  9.0 

Lichen 

1.3  ± 

0.7 

6.3  ±  5.6 

Moss 

1.7  ±  0.4 

2.2  ± 

0.8 

1.6  ±  1.6 

Seed 

3.5  ±  2.1 

1.5  ±  0.8 

Arthropods 

90.8  ±  1.5 

70.6  ± 

3.1 

59.5  ±  12.7 

7.3  ±  1.9 
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spring,  only  Jameson  (1952)  found  insects 
composing  a  comparable  amount  of  the  diet 
of  deer  mice.  Shepard  (1972),  investigating 
deer  mice  food  habits  in  the  pinyon-juniper 
ecosystem,  reported  insects  to  compose  about 
62%  of  the  diet  of  deer  mice  in  the  spring 
and  summer.  Goodwin  and  Hungerford 
(1979)  found  that  deer  mice  ate  13%  insects 
and  70%  forbs  in  the  ponderosa  pine  ecosys- 
tem. It  was  first  hypothesized  that  the  high 
level  of  arthropods  in  the  diet  of  deer  mice  in 

1977  might  have  been  caused  by  dry  condi- 
tions that  year  and  a  corresponding  lack  of 
seed  production.  Growth  of  grasses  and  forbs 
was  very  poor,  with  many  species  failing  to 
flower  or  seed.  Analysis  of  deer  mice  food 
habits  in  1978,  a  more  normal  year  in  terms 
of  precipitation,  discredited  this  hypothesis. 
Deer  mice  consumption  of  arthropods  in 

1978  was  significantly  greater  than  in  1977, 
even  though  abundant  amounts  of  seeds  and 
vegetation  were  present.  Johnson  (1961), 
Shepard  (1972),  and  Vaughan  (1974)  reported 
that  insects  were  the  preferred  diet  of  deer 
mice  when  available,  which  agrees  with  the 
findings  of  this  study. 

In  1978  arthropods  composed  about  84% 
of  the  diet  of  deer  mice  as  determined  by 
stomach  content  analysis.  This  amount  was 
significantly  lower  than  the  percentage  iden- 
tified in  tlie  fecal  analysis.  Thus  it  appears 
that  fecal  analysis  may  overemphasize  the 
importance  of  arthropods  in  the  diet,  because 


the  stomach  contents  were  felt  to  be  a  more 
accurate  sampling  method  than  the  fecal 
samples.  Stomach  contents  composed  of  84% 
arthropods,  however,  still  reflect  a  large 
amount  compared  to  other  studies.  It  may  be 
that  the  large  amount  of  slash  present  in  the 
study  area  in  the  Piceance  Basin  supported 
sizable  arthropod  populations,  increasing 
deer  mice  use  of  these  food  items.  The  high 
percentage  of  Coleoptera  and  Formicidae 
identified  in  the  diet  of  the  deer  mice  in  1977 
would  support  this  explanation. 

In  1977  chipmunks  depended  heavily  on 
arthropods.  Like  the  deer  mice,  they  ate  a 
high  percentage  of  Coleoptera.  They  ate  ap- 
preciably more  Lepidoptera  larvae  than  deer 
mice,  however.  This  may  have  reflected  the 
availability  of  arthropods  during  the  period 
when  the  diurnal  chipmunks  were  most  ac- 
tive as  opposed  to  when  the  nocturnal  deer 
mice  were  most  active.  This  difference  may 
also  have  been  influenced  by  the  different  fo- 
raging areas  of  deer  mice  and  chipmunks  re- 
ported by  Johnson  (1961).  The  high  percent- 
age of  arthropods  eaten  by  chipmunks  may 
have  been  caused  by  the  scarcity  of  plant 
foods  due  to  the  dry  conditions  in  1977  (ap- 
proximately 30%  of  their  diet  was  composed 
of  plant  matter  in  1977).  The  number  and 
amount  of  plant  species  eaten  support 
Vaughan's  (1974)  observation  that  chipmunks 
were  a   more  generalized  feeder  than  deer 


Table  3.  Important  orders  of  arthropods  in  the  diets  of  omnivorous  small  mammals  during  July-August  1977  in 
the  Piceance  Basin,  Colorado.  Values  are  means  and  standard  errors  of  percent  relative  density  of  food  items. 


Plains  pocket 

Golden-mantled 

Deer  mice 

Chipmunks 

mice 

ground  squirrel 

Sample  size 

24 

20 

10 

12 

Total  percentages  in  the  diet 

90.8  ± 

1.5 

70.6  ± 

3.1 

59.5  ±  12.7 

7.3  ±  1.9 

da 

Relative  density  of  arthropods 

Class    Arachni 

Order: 

Araneida 

2.1  ± 

0.4 

0.1  ± 

0.1 

Class    Insecta 

Order: 

Coleoptera 

53.0  ± 

4.9 

52.2  ± 

5.8 

11.2  ±  9.9 

6.3  ±  4.1 

Order: 

Hynienoptera 

Family:  Formicidae 

21.3  ± 

4.4 

2.3  ± 

0.9 

2.1  ±  1.1 

8.9  ±  4.8 

Others 

2.1  ± 

1.1 

3.9  ± 

1.3 

11.9  ±  8.7 

11.6  ±  8.0 

Order; 

Lepidoptera 

13.8  ± 

2.9 

25.5  ± 

4.3 

30.0  ±  13.5 

Order: 

Orthoptera 

4.6  ± 

0.8 

8.1  ± 

3.2 

2.4  ±  2.4 

Other  insects 

0.1 

0.2 

11.5 

10.6 

Plant  material 

2.5  ± 

0.7 

7.9  ± 

4.0 

30.8  ±  26.4 

55.7  ±  20.6 

Hair 

6.8 
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Plains  pocket  mice  were  also  found  to  con- 
sume a  large  percentage  of  arthropods  in 
1977.  This  result  is  contrary  to  the  seed-eat- 
ing food  habits  usually  attributed  to  pocket 
mice  (Martin  et  al.  1951).  In  1977  they  were 
foimd  to  eat  59%  arthropods,  based  on  fecal 
analysis.  Undoubtedly,  the  lack  of  seed  pro- 
duction in  1977  influenced  the  food  habits  of 
this  species,  and  may  have  caused  increased 
competition  for  food  between  the  pocket 
mice  and  deer  mice  and  chipmimks. 

Golden-mantled  ground  squirrel  diets  were 
determined  for  both  1977  and  1978.  Statisti- 
cal comparisons  between  the  two  years  were 
not  deemed  valid,  however,  because  fecal 
analysis  was  used  in  1977  and  stomach  con- 
tent analysis  was  used  in  1978. 

In  1977,  golden-mantled  ground  squirrels 
depended  heavily  on  the  relatively  few  types 
of  forbs  available.  Thistle,  a  fairly  drought- 
tolerant  plant,  was  available  in  1977.  This 
plant  composed  about  30%  of  the  diet  of 
groimd  squirrels  as  indicated  by  fecal  analy- 
sis. Bitterbrush  also  was  consumed  in  large 
amounts.  Arthropods  composed  only  about 
7%  of  the  diet  of  the  ground  squirrels.  This 
diet  was  similar  to  that  reported  by  Goodwin 
and  Hungerford  (1979),  with  the  exception  of 
the  bitterbrush  component. 

In  1978  the  diet  determined  for  golden- 
mantled  ground  squirrels  was  quite  different 

Table  4.  Food  items  composing  greater  than  1.0%  of 
identified  stomach  contents  of  cottontails  and  golden- 
mantled  groimd  squirrels  collected  in  the  Piceance  Ba- 
sin, Colorado,  during  June  1978.  Values  are  means  and 
standard  errors  of  percent  relative  densities  determined 
bv  high-power  microscopic  analysis. 


Golden-mantled 

Cottontail 

ground  squirrel 

Food  item 

N  = 

10 

N  =  8 

Broviiis 

30.7  ± 

2.9 

Carex 

4.1  ± 

1.3 

Oryzopsis 

1.0  ± 

0.5 

Poa 

2.8  ± 

1.3 

Stipa 

8.4  ± 

3.9 

Amelanchier 

17..3  ± 

5.0 

Antennaria 

2.2  ± 

1.6 

6.2  ±  6.2 

Astragalus 

10.4  ± 

2.7 

8.0  ±  6.8 

Crepis 

2.1  ±  2.1 

Erigeron 

1.5  ± 

0.5 

Flower  parts 

6.6  ±  6.6 

Fungus 

64.1  ±  13.9 

Lttpimis 

5.3  ±  3.6 

Sphaeralcea 

14.6  ± 

6.6 

Unknown  forb 

2.4  ± 

1.4 

Arthropod 

6.3  ±  4.5 

than  that  determined  for  1977.  Fungi  com- 
posed about  64%  of  the  stomach  contents.  No 
fungi  were  identified  in  the  feces  in  1977. 
Two  reasons  could  explain  this.  First,  fungi 
are  readily  digested  and  are  therefore  hard  to 
distinguish  in  feces.  Alternatively,  the 
drought  conditions  in  1977  would  preclude 
the  growth  of  most  fimgi,  making  them  rma- 
vailable  as  a  food;  growing  conditions  in 
1978  were  more  favorable. 

Forbs  were  a  preferred  food  of  ground 
squirrels  in  the  Piceance  Basin,  with  woody 
vegetation  apparently  of  low  palatability  but 
eaten  to  some  extent.  Tevis  (1952)  reported 
seeds  as  an  important  component  of  the  diet, 
as  did  Martin  et  al.  (1951),  but  these  were  not 
identified  as  a  major  food  item  in  this  in- 
vestigation, composing  only  about  1%  of  the 
diet.  McKeever's  (1963)  findings  were  similar 
to  those  of  this  investigation.  Arthropods 
have  been  reported  to  be  a  small  but  con- 
sistent component  of  the  diet  of  golden-man- 
tled ground  squirrels,  a  finding  supported  by 
the  results  of  both  years  of  this  investigation. 

Bushy-tailed  woodrats  were  found  to  be 
herbivorous,  eating  plant  foods  even  in  the 
dry  year  of  1977.  This  supports  the  findings 
of  Findley  (1958).  In  1977  woody  plants  ac- 
counted for  over  75%  of  the  diet,  with  bitter- 
brush being  the  predominant  food  item  iden- 
tified. Forbs  were  also  eaten,  but  composed 
less  than  15%  of  the  diet  in  1977.  It  is  pos- 
sible that  in  years  with  more  rainfall  than 
1977  had,  a  greater  amount  of  forbs  might  be 
eaten.  By  eating  woody  vegetation,  however, 
bushy-tailed  woodrats  may  avoid  competition 
with  other  forb-eating  small  mammals. 

Cottontail  rabbits  were  herbivorous,  de- 
pending upon  grasses  for  nearly  half  their 
diet  in  1978.  Forbs  and  serviceberry  com- 
posed the  remainder  of  their  diet.  These 
foods  would  not  place  cottontails  in  signifi- 
cant competition  with  the  other  small 
mammals. 


Conclusion 

Most  of  the  species  investigated  appeared 
to  avoid  competition  for  food  by  selecting 
different  food  items  as  the  main  component 
of  their  diets.  A  possible  exception  was  the 
arthropod  component  of  the  diet  of  plains 
pocket  mice.  The  dry  condition  in  1977  may 
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have  caused  this  species  to  depend  more 
heavily  on  arthropods  than  on  its  expected 
diet  of  seeds,  and  thus  placed  it  in  increased 
competition  with  deer  mice.  Additional  in- 
vestigation of  the  foraging  relationship  of 
these  two  species  under  varying  climatic  con- 
ditions would  be  necessary  to  determine  if 
serious  competition  could  occur  in  some 
situations. 
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NODULATION  AND  ACETYLENE  REDUCTION  BY  TWO  LEGUMES 
WITH  RHIZOBIA  INDIGENOUS  TO  NORTHERN  GREAT  BASIN  SOILS' 

M.  D.  Rumbaiigh-  and  D.  A.  Johnson' 

Abstract.— Medicago  sativa  L.  and  Hedijsarum  horealc  Nutt.  were  grown  in  the  greenhouse  on  soils  representing 
27  of  the  major  soil  associations  of  the  northern  Great  Basin.  Nodulation  of  Medicago  sativa  L.  by  indigenous  rhi- 
zobia  occurred  with  25  of  the  soil  associations  and  of  Hedijsarum  horeale  Nutt.  with  21  of  these  soil  associations.  Ni- 
trogen fixation,  as  indicated  by  acetylene  reduction  activity,  was  greater  for  Medicago  sativa  L.  than  for  Hedijsarum 
horeale  Nutt.  for  most  of  the  soil  associations.  Multiple  regression  fiuictions  incorporating  49  independent  climatic, 
edaphic,  and  vegetation  variables  failed  to  predict  acetylene  reduction  activity  with  satisfactory  precision. 


Forage  yield  and  quality  have  been  in- 
creased on  some  range  sites  by  including  le- 
gumes in  reseeding  mixtures  (Rumbaugh  et 
al.  1982)  or  by  interseeding  them  into  exist- 
ing vegetation  (Lorenz  1982).  Alfalfa  {Medi- 
cago sativa  L.)  and  yellow-blossom  sweet- 
clover  {Melilotiis  officinalis  L.)  can  maintain 
satisfactory  stand  densities  by  reseeding  on 
some  range  sites  (Nichols  and  Johnson  1969, 
Rumbaugh  1982).  Although  legume  seeds  can 
be  inoculated  with  selected,  highly  efficient 
nitrogen-fixing  strains  of  Rhizobium  species 
prior  to  planting,  the  fate  of  the  bacteria  has 
not  been  determined  in  arid  and  semiarid 
range  ecosystems.  Rhizobium  meliloti  Dang, 
strains  considered  to  have  potential  for  in- 
oculant  production  differed  markedly  with 
regard  to  their  competitive  abilities  on  M.  sa- 
tiva (Van  Rensburg  and  Strijdom  1982).  Not 
all  the  strains  identified  as  the  better  com- 
petitors in  autoclaved  soils  were  able  to  satis- 
factorily nodulate  alfalfa  plants  in  a  South 
African  field  soil  containing  an  established 
population  of  R.  meliloti.  Introduced  strains 
of  bacteria  added  to  some  soils  were  de- 
stroyed rapidly  by  antagonistic  organisms 
(Katznelson  1940,  Waksman  and  Woodruff 
1940).  Numbers  of  R.  meliloti  in  alfalfa  hay 
fields  decline  with  increasing  age  of  stands 
(Barber  1980).  Thus,  rangeland  legumes  may 
be  dependent  upon  indigenous  Rhizobium 
populations  for  inoculation  and  nitrogen  fix- 
ation at  the  time  they  are  first  planted  or  in 
later  generations  if  they  are  capable  of 
reseeding. 


The  objectives  of  our  study  were  to  deter- 
mine (1)  whether  or  not  soils  of  the  northern 
Great  Basin  contained  indigenous  Rhizobium 
strains  capable  of  nodulating  Hedysarum  bo- 
reale  Nutt.  and  M.  sativa,  (2)  the  effectiveness 
of  svich  strains  for  nitrogen  fixation  as  in- 
dicated by  acetylene  reduction  activity,  and 
(3)  the  usefulness  of  easily  measured  or  recog- 
nized climatic,  edaphic,  and  vegetative  fac- 
tors for  predicting  the  presence  or  absence  of 
effective  Rhizobium  populations  in  rangeland 
soils  of  the  study  area. 


Materials  and  Methods 

Soil  samples  were  collected  during  7  to  12 
June  1982  from  85  sites  representing  27  of 
the  major  soil  associations  of  the  northern 
Great  Basin  (Table  1).  Collection  sites  (Fig.  1) 
were  located  and  identified  with  the  aid  of 
soil  association  maps  and  descriptions  (Wil- 
son et  al.  1975).  A  2-kg  soil  sample  from  the 
upper  15  cm  of  the  profile  was  extracted 
from  5  areas  at  each  site.  The  five  samples 
from  each  site  were  bulked,  placed  in  a  poly- 
ethylene bag,  sealed,  labeled,  and  returned  to 
the  laboratory  for  pH  measurement  and  sub- 
sequent refrigeration.  Sites  were  character- 
ized as  being  cropland  or  noncropland  and 
the  dominant  native  or  introduced  plant  spe- 
cies were  identified.  The  mean  annual  pre- 
cipitation and  the  summer  and  annual  soil 
temperatures  for  each  association  were  also 
recorded  (Wilson  et  al.  1975). 


'Contribution  from  the  USDA-ARS  in  cooperation  with  the  Utah  Agricultural  Experiment  Station,  Logan,  Utah.  Journal  Paper  2848. 
'USDA-ARS,  Crops  Research  Laboratory.  Utah  State  University,  UMC  63,  Logan,  Utah  84322. 
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Fig.  1.  Approximate  locations  of  the  85  soil  sampling 
sites,  mostly  within  the  state  of  Utah. 


An  experimental  population  of  northern 
sweetvetch  (H.  horeale  Nutt.),  which  is  native 
to  the  .study  region,  and  'Spredor  2'  alfalfa, 
an  introduced  species  widely  cultivated 
throughout  the  Great  Basin,  were  used  as 
macrosymbiont  legume  hosts.'  Seeds  were 
mechanically  scarified,  surface  sterilized  by 
immersion  in  95%  ethyl  alcohol  for  15  min- 
utes (Jing  et  al.  1982),  and  germinated  in  ster- 
ile plastic  boxes  containing  absorbent  blotters 
wetted  with  tap  water.  One-week  old  .seed- 
lings were  transplanted  the  first  week  of  July 
into  previously  imused,  chlorine-treated  plas- 
tic containers  (3.8  cm  diameter  at  the  top 
and  tapered  over  the  21  cm  length  to  a  2.5 
cm  diameter  at  the  bottom).  These  containers 
were  filled  with  soils  of  the  85  samples  that 
had  been  screened  for  pebbles  and  detritus 
particles  larger  than  approximately  5  mm  di- 


ameter. Plants  of  the  two  species  were  grown 
in  the  greenhouse  in  two  adjoining  locations, 
with  no  .supplemental  lighting.  Experimental 
designs  were  randomized  complete  blocks 
with  four  replications  each.  During  27  to  29 
September  1982,  the  plants  were  removed 
from  the  containers  and  the  roots  gently 
washed  over  fine-meshed  screens  to  remove 
the  soil  particles  without  dislodging  the  nod- 
ules. The  shoots  of  the  plants  were  excised, 
oven  dried,  and  weighed.  Intact  roots  and  at- 
tached nodules  were  used  to  measure  acety- 
lene reduction  activity.  The  procedures  fol- 
lowed were  similar  to  those  previously 
described  by  Johnson  and  Rumbaugh  (1981) 
except  that  the  intact  root  systems  were  in- 
cubated one  hour  in  60-cc  plastic  syringes. 
Oven-dry  root  and  nodule  weights  and  nod- 
ule numbers  were  subsequently  obtained  for 
each  plant.  Data  were  analyzed  by  analysis 
of  variance,  chi-square,  and  multiple 
regression. 

Results  and  Discussion 

Nodulation 

Fifty-five  percent  of  the  alfalfa  plants  had 
one  or  more  nodules  on  their  roots,  whereas 
only  32%  of  the  sweetvetch  plants  were 
nodulated  (Table  2).  Despite  the  fact  that 
sweetvetch  is  native  to  the  northern  Great 
Basin  area  and  alfalfa  is  not,  indigenous 
rhizobia  were  able  to  nodulate  alfalfa  more 
frequently  than  sweetvetch.  Although  the  ab- 
solute nodulation  frequencies  varied  depen- 
ding upon  whether  or  not  the  soil  collection 
sites  had  been  cropped,  on  both  cropland  and 
noncropland,  alfalfa  was  nodulated  more  of- 
ten than  sweetvetch.  Twenty-two  of  the  85 
soils  samples  were  from  sites  currently  being 
used  for  crop  production.  On  cropland,  68% 
of  the  alfalfa  and  39%  of  the  sweetvetch 
plants  were  nodulated.  On  noncropland,  cor- 
responding frequencies  were  53%  for  alfalfa 
and  31%  for  sweetvetch.  In  both  cases  the 
chi-square  tests  of  homogeneity  between  spe- 
cies were  highly  significant  (P<0.01). 

All  alfalfa  plants  grown  in  the  soil  samples 
from  associations  33,  35,  45,  50,  and  67  were 


'Mention  of  a  trademark,  proprietary  product,  or  vendor  does  not  constitute  a  guarantee  or  warranty  of  the  product  by  the  USDA  and  does  not  imply  its 
approval  to  the  exclusion  of  other  products  or  vendors  that  may  be  suitable. 
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Table  1.  Soil  description,  dominant  species  in  climax  vegetation,  and  number  of  sites  sampled  and  tested  for  each 
of  27  soil  associations.  ° 


Number  of 

Association 

Dominant  species  in 

sites 

number 

Soils 

Soil  description 

climax  vegetation"  ° 

sampled 

21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


Argic  Cryoborolls- 
Pachic  Cryoborolls- 
Cryic  Paleborolls 
Association 

Lithic  Argiborolls- 
Rock  oiitcrop-Tvpic 
Argiborolls  Association 


Typic  Argixerolls- 
Cumulic  Haplaquolls 
Association 


Typic  Argixerolls- 
Typic  Haploxerolls 
Association 

Calcic  Haploxerolls- 
Calcic  Argixerolls 
Association 


Lithic  Haploxerolls- 
Typic  Haploxerolls 
Association 


Pachic  Argixerolls- 
Typic  Argixerolls- 
Calcic  Argixerolls 
Association 

Calcic  Argixerolls- 
Calcic  Haploxerolls 
Association 

Typic  Calcixerolls- 
Calcic  Argixerolls 
Association 

Aquic  Calciustolls- 
Typic  Calciaquolls- 
Fluvaquentic  Haplustolls 
Association 

Aridic  Calcic  Argixerolls- 
Aridic  Haploxerolls 
Association 

Lithic  ArgixeroUs- 
Aridic  Haploxerolls- 
Aridic  Calcixerolls 
Association 

Aridic  Calcixerolls- 
Xerollic  Calciorthids 
Association 


High  mountain  loams  and 
stony  loam 


Mountain  loams  and 
mountain  gravelly  and 
stony  loams 


Bigtooth  maple,  slender 
wheatgrass,  quaking  aspen, 
blue  wildrye,  Douglas  fir 


Gambel  oak,  birchleaf 
mountain  mahogany, 
mountain  brome,  bearded 
wheatgrass 

Cambel  oak,  bearded 
wheatgrass,  bluebunch 


Moimtain  loams,  mountain 
stony  loam,  upland  stony 

loam,  and  wet  meadow  soils  wheatgrass,  big  sagebrush, 
tufted  hairgrass,  sedges 

Mountain  loams,  mountain  Gambel  oak,  bluebunch 

stony  or  gravelly  loams,  and  wheatgrass,  slender 

mountain  stony  clay  soils  wheatgrass,  basin  wildrye 


Mountain  or  upland  loams 
and  stony  loams 


Mountain  loam,  mountain 
stony,  gravelly,  or  shallow 
loams 


Mountain  loams  and 
mountain  gravelly  or  stony 
loams 


Bluebunch  wheatgrass, 
basin  wildrye,  big 
sagebrush,  black  sagebrush, 
shadscale 

Bluebunch  wheatgrass, 
Gambel  oak,  curlleaf 
mountain  mahogany, 
antelope  bitterbnish 

Bluebunch  wheatgrass, 
bearded  wheatgrass, 
Gambel  oak,  basin  wildrye, 
big  sagebrush 


Cropland 


Cropland 


Cropland 


Upland  loams  and  upland 
stony  loam 


Upland  loam  and  upland 
stony  or  shallow  loams 


Upland  loam  and  upland 
stony  loam 


Bluebunch  wheatgrass, 
Utah  juniper,  antelope 
bitterbrush 

Bluebunch  wheatgrass, 
Utah  juniper,  big  sagebrush 


Bluebunch  wheatgrass, 
black  sagebrush,  big 
sagebrush,  antelope 
bitterbrush 


15 


"Adapted  from  Wilson,  et  al.  1975.  Soils  of  Utah. 
°  °  See  Appendix  for  a  listing  of  tlie  scientific  names  of  these  plant  species. 
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Table  1  continued. 


Association 
number 


Soils 


Soil  description 


Dominant  species  in 
climax  vegetation  °° 


Number  of 

sites 

sampled 


33 


34 


35 


39 


43 


44 


45 


47 


48 


50 


60 


62 


67 


71 


Aridic  Calcic  Argixerolls- 
Aridix  Petrocalcic 
Palexerolls  Association 

Aridic  CalcixeroUs- 
XeroUic  Calciorthids 
Association 

Ustic  Torrifluvents- 
Borollic  Calciorthids 
Association 

Ustollic  Haplargids- 
Ustollic  Calciorthids 
Association 

Aquic  Calciorthids- 
Aquic  Ustifluvents 
Association 

Xerollic  Calciorthids- 
Xeric  Torriorthents 
Association 

Xerollic  Calciorthids- 
Xerollic  Paleorthids 
Association 

Xerollic  Haplargids- 
XeroUic  Calciorthids 
Association 

Xeric  Torrifluvents- 
XeroUic  Calciorthids 
Association 

Lithic  Xerollic 
Calciorthids-Xerollic 
Calciorthids  Association 

Typic  Natrargids- 
Xerollic  Natrargids- 
Typic  Calciorthids 
Association 

Typic  Natrustalfs- 
Typic  NatrquoUs 
Association 


Ustic  Torripsamments 
Association 


Upland  loam,  upland  stonv 
loam,  and  upland  shallow 
hardpan  soils 

Upland  loam  and  upland 
stony  and  gravelly  loams 

Upland  loam  or  upland 
stony  loams 


Seniidesert  loam  and 
semidesert  stony  hill  soils 

Wet  or  semiwet  meadows 
and  semiwet  stream 
bottoms 

Semidesert  loam  and 
semidesert  gravelly  loam 

Upland  loam,  semidesert 
shallow  or  gravelly  loams, 
and  semidesert  shallow 
hardpan  soils 

Upland  or  semidesert, 
semidesert  silt  or  limy,  and 
upland  stony  loams 

Upland  or  semidesert, 
semidesert  silt  or  limy,  and 
upland  stony  loams 

Semidesert  shallow  or  limy 
loams 


Semidesert  or  desert  salt 
and  alkali  flats  and  bench 
soils 

Semidesert  alkali  flats  and 
bottoms  and  salt  meadow 
soils 

Upland  sands 


Bluebunch  wheatgrass, 
Utah  juniper,  black  and  big 
sagebrush,  antelope 
bitterbrush 

Bluebimch  wheatgrass,  big 
sagebrush,  Utah  juniper 

Bluebunch  wheatgrass,  big 
sagebrush,  antelope 
bitterbrush 

Bluebunch  wheatgrass, 
Indian  ricegrass,  needle  and 
thread,  big  sagebrush 

Sedges,  tufted  hairgrass, 
slender  wheatgrass 
bitterbrush 

Bluebunch  wheatgrass,  big 
sagebrush,  black  sagebrush 

Bluebunch  wheatgrass,  big 
sagebrush,  Utah  juniper 


Bluebunch  wheatgrass,  big 
sagebrush,  black  sagebrush 

Bluebunch  wheatgrass,  big 
sagebrush,  bottlebnish 
squirreltail 

Bluebunch  wheatgrass, 
black  sagebrush,  big 
sagebrush,  bottlebrush 
squirreltail 

Winterfat,  shadscale, 
greasewood,  Nuttall 
saltbush 


Bottlebrush  squirreltail, 
greasewood,  shadscale, 
western  wheatgrass,  Nuttall 
saltbush 

Utah  juniper,  pinyon  pine, 
greenleaf  manzanita,  big 
sagebrush 


1 


Playas 


"Adapted  from  Wilson,  et  al.  1975.  Soils  of  Utah. 
°°See  Appendix  for  a  listing  of  the  scientific  names  of  these  plant  species. 


nodulated.  Similarly,  all  plants  of  sweetvetch 
grown  on  soils  of  associations  25  and  35  were 
nodulated.  All  of  these  soils  except  for  associ- 
ation  67  were   mountain   upland,   or   semi- 


desert  loams  supporting  growth  of  bluebunch 
wheatgrass  (Agropyron  spicatum  [Pursh] 
Scribn.  &  Smith)  and  various  sagebrush  spe- 
cies {Artemisia)  as  dominant  components  of 
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the  climax  vegetation.  Even  soil  association 
67,  which  is  an  upland  sand,  has  big  sage- 
brush {Artemisia  tridentata  Nutt.)  as  a  domi- 
nant species  in  the  climax  vegetation.  How- 
ever, 5  of  the  6  associations  in  which  either 
legume  was  not  nodulated  also  were  loam 
soils  supporting  populations  of  bluebunch 
wheatgrass  and  big  sagebrush.  Although  Hely 
and  Brockwell  (1962)  noted  that  R.  meliloti 
populations  were  positively  correlated  to 
density  of  native  grass  species  in  Australia, 
this  pattern  was  not  apparent  in  soils  of  the 
northern  Great  Basin. 

Soil  pH  ranged  from  6.1  to  8.5  and  aver- 
aged 7.3  in  the  85  soil  samples  used  in  our 
study.  Even  at  the  lowest  pH,  50%  of  the 
plants  of  each  of  the  two  macrosymbionts 
were  nodulated.  Soil  pH  can  greatly  affect 
population  levels  of  rhizobia.  For  example. 


Sagardoy  (1981)  found  that  much  of  the  vari- 
ation in  number  of  R.  meliloti  in  soils  near 
Buenos  Aires  was  dependent  on  soil  pH.  Bar- 
ber (1980),  Nutman  and  Ross  (1970),  and  Rice 
et  al.  (1977)  also  reported  that  hydrogen  ion 
activity  could  be  a  major  factor  restricting 
the  number  of  rhizobia  in  soils.  In  our  study, 
correlation  of  pH  with  nodule  number  per  al- 
falfa plant  was  r  =  0.08  and  with  nodule  dry 
weight,  r  =  0.03.  Coefficients  for  sweetvetch 
were  of  similar  magnitude,  with  r  =  0.09  and 
r  =  -0.01  for  nodule  number  and  dry  weight, 
respectively.  The  differences  in  the  results  of 
these  studies  probably  were  due  to  the  lower 
pH  values  of  the  soils  they  studied  compared 
to  those  of  the  Great  Basin. 

Sagardoy  (1981)  found  that  79  of  the  86 
soil  samples  he  investigated  contained  alfalfa 
root-nodule  bacteria,  and  about  16%  of  the 


Table  2.  Frequency  of  nodulation  of  two  legumes  grown  on  soils  from  27  major  soil  associations  of  the  northern 
Great  Basin. 


Probability 

Independent 
variable 

No.  of 

Avg. 
pH 

Frequency  of 

nodulation  (%) 

_      of  homogeneity 

plants 

Hedysariim  boreale 

Medicago  satica 

between  species  (%) 

Species 

678 

7.29 

32 

55 

0° 

Land  use 

Cropland 

111 

7.47 

39 

68 

1 

Noncropland 

567 

7.26 

31 

53 

0 

Soil  associations 

1 

120 

6.43 

18 

47 

0 

9 

8 

7.82 

25 

75 

49 

21 

16 

7.41 

0 

12 

100 

22 

40 

7.25 

55 

50 

100 

23 

16 

6.92 

50 

62 

100 

24 

48 

7.40 

58 

54 

100 

25 

8 

6.90 

100 

50 

43 

26 

41 

7.44 

30 

62 

8 

27 

16 

7.74 

38 

50 

100 

28 

55 

7.64 

36 

48 

51 

29 

8 

7.30 

50 

25 

100 

30 

8 

7.56 

0 

0 

100 

31 

16 

7.09 

25 

75 

13 

33 

8 

7.82 

0 

100 

3 

34 

16 

7.36 

88 

75 

100 

35 

8 

7.93 

100 

100 

100 

39 

8 

7.32 

0 

50 

43 

43 

16 

7.08 

0 

50 

8 

44 

39 

7.57 

55 

53 

100 

45 

8 

7.61 

0 

100 

3 

47 

56 

7.26 

11 

54 

0 

48 

32 

7.87 

38 

56 

48 

50 

8 

7.01 

50 

100 

43 

60 

15 

7.76 

12 

71 

4 

62 

40 

7.91 

20 

65 

1 

67 

8 

7.53 

25 

100 

14 

71 

16 

7.49 

38 

38 

100 

'Probability  of  corrected  chi-square  or  Fisher's  exact  2  tailed  test  values. 
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fields  had  more  than  1,000  rhizobia  per  gram 
of  soil.  In  our  study,  nodulation  of  alfalfa 
completely  failed  in  only  one  of  the  85  soil 
samples  (1%)  and  nodulation  of  sweetvetch  in 
only  8  of  the  samples  (9%).  Rliizobia  capable 
of  infecting  these  two  legumes  apparently 
were  present  in  both  crop  and  noncropland 
throughout  most  of  the  geographic  region 
represented  by  the  soils  sampled.  This  was 
quite  different  than  the  results  reported  by 
Mahler  and  Wollum  (1982)  in  their  in- 
vestigation of  the  seasonal  variation  of  Rhizo- 
bium  meliloti  in  the  more  acidic  soils  of  al- 
falfa hay  and  cultivated  fields  in  North 
Carolina.  In  tliat  state  a  major  problem  en- 
countered with  alfalfa  establishment  was  de- 
scribed as  due  to  the  apparent  lack  of  an  ef- 
fective indigenous  soil  R.  meliloti  population 
in  fields  without  a  previous  alfalfa  history. 

Statistically  significant  differences 
(P<0.05)  in  frequency  of  nodulation  of  the 
two  legumes  were  detected  in  6  of  the  27 
soils  associations  tested  (Table  2).  Tests  of  ho- 
mogeneity with  probabilities  of  less  than  5% 
were  found  for  associations  1,  33,  45,  47,  60, 
and  62.  In  each  instance  the  nodulation  rate 
of  alfalfa  exceeded  that  of  sweetvetch.  The 
biological  basis  for  the  lack  of  homogeneity 
could  not  be  positively  related  to  cropping 
history,  pH,  soil  association,  or  climax 
vegetation. 

Alfalfa  plants  had  more  than  twice  as 
many,  but  significantly  (P<0.05)  smaller, 
nodules  than  sweetvetch  plants  (Table  3). 
Whenever  the  legumes  were  grown  on  soils 
of  association  35,  they  had  considerably  more 
nodules  than  when  grown  on  any  of  the  other 


soil  associations.  Association  35  was  repre- 
sented by  only  one  sample  collected  near 
Manila,  Utah.  The  upland  loam  soil  at  that 
site  supported  growth  of  juniper  trees  {Juni- 
perus  osteospemia),  big  sagebrush  {Arteynisia 
tridentata),  and  a  native  legume  (Astragalus 
sp.).  The  site  also  had  a  10%  slope  to  the 
south  and  was  located  at  1750  m  elevation, 
but  appeared  very  similar  to  a  number  of  the 
other  collection  sites  with  soils  that  resulted 
in  much  lower  numbers  of  nodules  on  both 
legumes. 

Acetylene  Reduction 

Although  the  alfalfa  plants  had  less  shoot, 
root,  and  nodule  biomass  than  sweetvetch 
plants,  they  exhibited  approximately  30% 
higher  acetylene  reduction  rates  (Table  3). 
The  difference  was  statistically  significant 
(P<0.05).  The  overall  mean  for  specific  nod- 
ule activity  for  acetylene  reduction  as  in- 
dicated by  the  amount  of  ethylene  produced 
per  hour  per  gram  of  nodule  dry  weight  of 
alfalfa  was  more  than  six  times  higher  than 
that  for  sweetvetch.  The  rate  for  alfalfa  ex- 
ceeded that  for  sweetvetch  on  24  of  the  27 
soil  associations.  This  supports  previous  ob- 
servations by  Johnson  and  Rumbaugh  (1981) 
that  acetylene  reduction  activity  by  alfalfa 
exceeded  that  of  most  other  legumes  grown 
in  the  intermountain  area. 

The  relationships  of  acetylene  reduction 
activity  to  shoot  biomass  of  the  two  legumes 
when  grown  on  each  of  the  27  soil  associ- 
ations were  quite  similar  (Fig.  2).  With  few 
exceptions,  sweetvetch  was  more  responsive 


Table  3.  Means  and  ranges  of  plant  weight  and  acetylene  reduction,  N2[C2H2],  characteristics  of  legumes  grown 
on  soils  representing  27  major  soil  associations  of  the  northern  Great  Basin.  The  ranges  are  enclosed  in  parenthesis 
and  are  extremes  of  means  for  the  27  associations. 


Species 


Variable 


Hedijsarum  boreale 


Medicago  sativa 


Plant  weight  (mg) 
Shoot 
Root 
Nodules 
Total 

No.  of  nodules /plant 

Acetylene  reduction  activity 
Plant  (ju  moles/h) 
Nodules  (ju  moles/h /g) 


81  (14-128)'"' 
102(12-172)°° 
2.9(0.0-14.2)°° 
186(26-284)°° 

2.5(0.0-40.8)°° 


0.06(0.00-0.21) 

6  (0-22)° 


70(20-101)°° 
8.3(18-152)°° 
1.2(0.0-3.8)° 
159  (.38-256)°° 

5.8  (0.0-17.5) 

0.08  (0.00-0.26)° 
38(0-94)° 


"Differences  among  means  of  the  27  associations  within  species  were  significant  with  P<0.05  and  P<0.01,  respectively. 
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Fig.  2.  Relationships  of  shoot  weights  to  acetylene  re- 
duction activities  of  .sweetvetch  and  alfalfa  grown  on 
soils  of  27  major  associations.  See  Table  1  for  identi- 
fication of  the  as.sociations  represented  by  the  points  and 
numbers. 

than  alfalfa  to  increased  reduction,  but  the 
relative  positions  of  points  representing  the 
associations  were  much  alike.  Exceptions 
could  be  detected.  In  an  example  of  the  ex- 
ceptions, soil  association  43,  a  group  of  aquic 
calciorthids  and  aquic  ustifluvents,  supported 
growth  of  alfalfa  much  better  than  growth  of 
sweetvetch,  although  acetylene  reduction 
was  zero  or  low  for  both  kinds  of  plants.  Such 
differences  may  be  related  to  differential  nu- 
tritional demands  or  susceptibility  to  soil- 
borne  pathogens. 

Stepwise  forward  multiple  regression  func- 
tions predicting  whole  plant  and  specific 
acetylene  reduction  activities  explained 
about  25%  of  the  observed  variation  in  the 
dependent  variables.  Each  fimction  included 
7  quantitative  and  42  dichotomous  indepen- 
dent variables.  Activities  of  the  two  legume 
species  were  predicted  with  approximately 
equal  precision.  The  presence  or  absence  of 
wheat  {Triticiim  vulgare)  growing  at  the  soil 


collection  site  was  the  single  most  important 
predictor  of  acetylene  reduction  by  alfalfa. 
Similarly,  the  presence  or  absence  of  juniper 
trees  was  the  single  most  important  predictor 
of  acetylene  reduction  by  sweetvetch.  It  is 
highly  probable  that  most  wheat  fields  in 
northern  Utah  have  been  used  to  produce  al- 
falfa at  some  time.  Sweetvetch  commonly  oc- 
curs in  association  with  juniper  in  natural 
stands.  Although  considerable  redundancy  in 
the  information  content  of  the  independent 
variables  used  for  prediction  was  anticipated, 
the  magnitude  of  the  multiple  correlation 
coefficients  was  lower  than  expected,  with 
values  of  0.46  and  0.50  for  whole  plant  and 
specific  nodule  activities,  respectively,  of  al- 
falfa, and  0.48  and  0.46  for  sweetvetch.  Al- 
though complete  nodulation  failure  with 
both  legumes  was  observed  with  only  one  of 
the  soil  associations,  nitrogen  fixation  rates 
(as  indicated  by  acetylene  reduction)  could 
not  be  predicted  very  accurately.  Also,  the 
predictive  fimctions  for  alfalfa  were  quite 
different  than  those  for  sweetvetch.  Rank 
correlation  coefficients  for  the  order  of  entry 
of  the  independent  variables  into  the  regres- 
sion equations  for  the  two  legumes  were 
rs=-0.09  and  rs=0.03  for  whole  plant  and 
specific  nodule  activities,  respectively. 

Conclusions 

Almost  all  the  major  soil  associations  of 
northern  Utah  and  presumably  of  the  north- 
ern Great  Basin  contain  indigenous  rhizobia 
populations  of  appropriate  types  and  num- 
bers to  nodulate  H.  boreale  and  M.  sativa.  Ni- 
trogen fixation  (acetylene  reduction  activity) 
by  these  legumes  varied  significantly 
(P<0.05)  when  grown  in  the  different  soils 
with  their  respective  indigenous  rhizobia. 
These  activity  levels  could  not  be  accurately 
predicted  using  any  combination  of  the  49 
climatic,  edaphic,  and  vegetation  variables 
included  in  this  study. 
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Appendix 

Scientific  names  of  the  plant  species  listed 
in  Table  1  are  the  following:  Antelope  bitter- 
brush  {Purshia  tridentata  [Pursh]  DC.),  Basin 
wildrye  {Leymus  cinereus  [Scribn.  &  Merr.] 
A.  Love),  Bearded  wheatgrass  {Elymus  sitb- 
seciindus  [Link]  A.  &  D.  Love),  Big  sage- 
brush {Artemisia  tridentata  Nutt.),  Bigtooth 
maple  (Acer  grandidentatum  Nutt.),  Birchleaf 
mountain  mahogany  {Cercocarpiis  betuloides 
Nutt.),  Black  sagebrush  {Artemisia  nova  A. 
Nels.),  Blue  wildrye  {Elymus  glaucus  Buckl.), 
Bluebunch  wheatgrass  {Elytrigia  spicata 
[Pursh]  D.  R.  Dewey),  Bottlebrush  squirrel- 
tail  {Elymus  elymoides  [Raf.]  Swezey),  Curl- 
leaf  mountain  mahogany  {Cercocarpus  ledi- 
folius  Nutt.),  Douglas  fir  {Pseudotsuga 
menziesii  [Mirb.]  Franco),  Gambel  oak 
{Quercus  gambelii  Nutt.),  Greasewood  {Sar- 
cobatus  verj7iiculatus  [Hook.]  Torr.),  Green- 
leaf  manzanita  {Arctostaphylos  patula 
Greene),  Indian  ricegrass  {Oryzopsis  hyme- 
noides  [Roem.  &  Schult.]  Ricker),  Mountain 
brome  {Bromus  marginatus  Nees  ex  Steud.), 
Needle  and  thread  {Stipa  comata  Trin.  & 
Rupr.),  Nuttall  saltbush  {Atriplex  nuttallii  H. 
&  C),  Pinyon  pine  {Pinus  edulis  Engelm.), 
Quaking  aspen  {Populus  tremuloides  Michx.), 
Sedges  {Carex  spp.),  Shadscale  {Atriplex  con- 
fertifolia  [Torr.  &  Frem.]  S.  Wats.),  Slender 
wheatgrass  {Elymus  trachycaulus  [Link] 
Gould  ex  Shinners),  Tufted  hairgrass  {Des- 
champsia  caespitosa  [L.]  Beauv.),  Utah  juni- 
per {Juniperus  osteospenna  [Torr.]  Little), 
Western  wheatgrass  {Pascopyrum  smithii 
[Rydb.]  Love),  and  Winterfat  {Ceratoides  la- 
nata  [Pursh]  J.  T.  Howell). 


CHECKLIST  OF  TIGER  BEETLES  FROM  IDAHO 
(COLEOPTERA:  CICINDELIDAE) 

Gary  A.  Shook' 

Abstract.—  Sixteen  species  of  Tiger  Beetles  are  listed  for  Idaho,  along  with  the  counties  of  occurrence  for  each 
species.  Three  species  are  placed  in  a  checklist  of  Idaho  species  for  the  first  time:  Cicindela  depressula  depressula 
Casey,  Cicindela  parowana  wallisi  Calder,  and  Cicindela  decemnotatci  decemnotata  Say. 


Leng  (1920)  listed  5  species  of  Tiger  Beetle 
from  Idaho.  Hatch  (153:340)  treated  10  spe- 
cies, to  which  Rumpp  (1967)  added  3  more 
species.  The  most  recent  checklist  included 
only  those  13  Idaho  species  (Boyd  1982:31). 
Three  other  species,  Cicindela  depressula 
depressula  Casey,  Cicindela  parowana  wallisi 
Calder  and  Cicindela  decemnotata  decemno- 
tata Say,  were  known  to  occur,  but  did  not 
appear  in  reviewed  literature.  The  following 
checklist  includes  those  omitted  species  and 
presents  additional  distribution  for  Idaho  spe- 
cies. The  list  is  offered  in  anticipation  of  a 
more  extensive  monograph  of  Idaho  Tiger 
Beetles. 

Idaho  has  44  counties.  Those  counties  of 
occurrence  accompany  each  species.  The  use 
of  subspecific  names  is  avoided  if,  at  this 
time,  the  subspecific  status  is  questioned  or 
under  review.  The  list  includes  the  following. 

Cicindela  (Cicindela)  longilabris  Say: 
Boise,  Bonner,  Boundary,  Clearwater,  Idaho, 
Latah. 

Cicindela  (Cicindela)  nebraskana  Casey: 
Caribou,  Cassia,  Franklin,  Fremont,  Lemhi, 
Twin  Falls. 

Cicindela  (Cicindela)  oregona  oregona  Le- 
Conte:  Ada,  Adams,  Bannock,  Bear  Lake, 
Benewah,  Blaine,  Boise,  Bonner,  Bonneville, 
Boundary,  Camas,  Canyon,  Cassia,  Clear- 
water, Elmore,  Franklin,  Fremont,  Gem, 
Gooding,  Idaho,  Kootenai,  Latah,  Lewis, 
Minidoka,  Nez  Perce,  Owyhee,  Payette, 
Power,  Shoshone,  Twin  Falls,  Valley,  Wash- 
ington. Note:  Freitag  (1965)  listed  a  hybrid 
C.  o.  oregona  x  gutifera  from  Bannock,  Bear 
Lake,  Franklin,  Fremont,  and  Lemhi 
counties. 


Cicindela  (Cicindela)  repanda  repanda  De- 
jean:  Ada,  Bear  Lake,  Boise,  Clearwater, 
Idaho,  Latah,  Lewis,  Nez  Perce,  Owyhee, 
Shoshone,  Twin  Falls,  Washington. 

Cicindela  (Cicindela)  depressula  depressula 
Casey:  Idaho  County. 

Cicindela  (Cicindela)  hirticollis  hirticollis 
Say:  Fremont,  Idaho,  Lewis,  Nez  Perce, 
Washington. 

Cicindela  (Cicindela)  arenicola  Rumpp: 
Fremont,  Minidoka,  Owyhee. 

Cicindela  (Cicindela)  columhica  columbica 
Hatch:  Idaho,  Lewis. 

Cicindela  (Cicindela)  purpurea  auduboni 
Olivier:  Ada,  Blaine,  Boise,  Elmore,  Gem, 
Latah,  Lincoln,  Minidoka,  Nez  Perce,  Onei- 
da, Owyhee,  Twin  Falls. 

Cicindela  (Cicindela)  plutonica  Casey: 
Ada,  Canyon,  Cassia,  Elmore,  Lemhi, 
Owyhee. 

Cicindela  (Cicindela)  parowana  wallisi 
Calder:  Elmore,  Gem,  Owyhee. 

Cicindela  (Cicindela)  decemnotata  de- 
cemnotata Say:  Bannock,  Bear  Lake,  Bing- 
ham, Butte,  Cassia,  Lincoln,  Oneida,  Twin 
Falls. 

Cicindela  (Cicindela)  tranquebarica 
Herbst:  Ada,  Bannock,  Benewah,  Blaine, 
Boise,  Bonner,  Gooding,  Idaho,  Kootenai,  La- 
tah, Lewis,  Lincoln,  Minidoka,  Owyhee, 
Power,  Teton,  Twin  Falls,  Valley. 

Cicindela  (Cicindelidia)  haemorhagica  hae- 
morhagica  LeConte:  Ada,  Adams,  Boise,  Can- 
yon, Cassia,  Elmore,  Franklin,  Gooding,  Je- 
rome, Minidoka,  Owyhee,  Power,  Twin  Falls, 
Washington. 

Cicindela  (Cicindelidia)  willistoni  echo 
Casey:  Elmore,  Owyhee. 
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Cicindela  (Cylindera)  terricola  imperfecta 
LeConte:  Bear  Lake,  Canyon,  Caribou,  Cas- 
sia, Custer,  Jerome,  Gooding,  Twin  Falls. 

Locality  data  were  taken  from  specimens 
in  the  following  collections:  Boise  State  Uni- 
versity (Charles  Baker),  California  Academy 
of  Sciences  (David  Kavanaugh),  Don  Broth- 
ers, College  of  Idaho  (William  Clark),  Idaho 
State  University  (Robert  Anderson),  Norman 
Rumpp,  University  of  Idaho  (William  Barr), 
Utah  State  University  (Wilford  Hansen),  and 
my  collection. 

All  specimen  identifications  were  made  or 
verified  by  myself  or  by  Mr.  Norman  Rumpp. 

Thanks  to  all  those  who  permitted  this  re- 
view of  their  material,  with  a  special  thanks 


to  Norman  Rumpp  for  his  comments  regard- 
ing this  checklist. 

Literature  Cited 

Boyd,  H.  1982.  Checklist  of  Cicindelidae:  The  tiger  bee- 
tles. Plexus  Publishing,  New  Jersey. 

Freitac;,  R.  1965.  A  revision  of  the  North  American  spe- 
cies of  the  Cicindela  maritiina  group  with  a  study 
of  hybridization  between  Cicindela  duodecimgut- 
tata  and  oregona.  Questiones  entomologicae 
1965:87-170. 

Hatch,  M.  H.  1953.  Beetles  of  the  Pacific  Northwest. 
Univ.  of  Washington  Press,  Seattle.  Vol.  1. 

Leng,  C.  W.  1920.  Catalogue  of  the  Coleoptera  of 
America  North  of  Mexico.  Sherman,  New  York. 

Rumpp,  N.  1967.  A  new  species  of  Cicindela  from  Idaho 
(Coleoptera:  Cicindelidae).  Proceedings  of  the 
California  Academy  of  Sciences  (4)35(7):  129-140. 


EMERGENCE  OF  ADULT  PANDORA  MOTHS  IN  ARIZONA 

J.  M.  Schmid' 

.\bstract.—  Adult  pandora  moths  began  emerging  in  late  July,  and  peak  daily  emergence  occurred  during  10-15 
August.  The  mean  density  of  moths  emerging  per  929  cm^  of  ground  surface  ranged  from  0.1  to  2.4.  The  ratio  of 
emerging  males  to  females  varied  from  .3-4:1  during  the  initial  days  of  emergence  to  1:1.5  during  the  last  10  days  of 
August.  Postemergence  behavior  is  described  and  discussed  in  relation  to  egg  mass  deposition  and  species  survival. 


Prior  to  the  current  pandora  moth,  Colo- 
radia  pandora  Blake  (Lepidoptera:  Satur- 
niidae),  infestation  on  the  Kaibab  National 
Forest  surrounding  Jacob  Lake,  Arizona,  life 
history  information  on  this  insect  was  derived 
from  the  works  of  Patterson  (1929),  Massey 
(1940),  and  Wygant  (1941)  on  populations  in 
California  and  Colorado,  respectively.  Near 
Jacob  Lake  in  1980,  adults  emerged  much 
later  than  previously  recorded.  Similarly, 
other  aspects  of  the  pandora  moth's  life  his- 
tory did  not  coincide  with  previous  reports. 
This  study  was  conducted  to  determine  the 
emergence  period  of  adults  and  their  sub- 
sequent behavior. 

Study  Area  and  Methods 

A  general  description  of  the  infested  area 
is  presented  in  Schmid  et  al.  (1982b).  Four  lo- 
cations were  selected  within  this  general  area 
and  were  assigned  plot  numbers  correspond- 
ing to  adjacent  Forest  Service  roads  or  U.S. 
Highway  89A  (Fig.  1).  These  locations  were 
selected  because  of  abundant  pupae,  sub- 
stantial elevational  gradients,  and  different 
aspects  (Table  1). 

On  each  plot,  screen  cages  were  placed  on 
the  surface  of  the  ground  to  catch  emerging 
adults.  The  cages  on  Forest  Service  Road 
246,  Forest  Service  Road  482,  and  U.S.  High- 
way 89  plots  were  placed  at  three  different 
elevations  within  each  plot,  representing  (1) 
flat  ridge  top,  (2)  ravine  bottom,  and  (3)  mid- 
slope— approximately  halfway  between  the 
ridge  top  and  the  ravine  bottom  (Table  1). 
Within  each  elevational  position,  cages  were 


placed  5  m  apart  either  in  a  straight  line  or 
along  the  contour. 

Cages  on  the  Forest  Service  Road  257  plot 
were  established  to  monitor  the  effects  of 
prescribed  burning  on  pupal  mortality.  They 
were  on  a  relatively  flat  area  with  in- 
significant elevational  and  aspectual  in- 
fluences. The  cages  were  laid  out  in  a  north- 
south  pattern  with  the  cages  at  20  m  inter- 
vals, on  parallel  N-S  lines  that  were  10  m 
apart. 

Cages  were  installed  21-22  July  1982  and 
were  checked  daily  thereafter  until  30  Au- 
gust 1982.  Cage  examination  began  each  day 
at  0600  local  time.  After  adults  began  emerg- 
ing, the  cages  were  checked  in  the  morning 
at  the  usual  time  and  again  just  before  dark 
to  determine  if  adults  were  emerging  only 
during  daylight  or  throughout  the  entire  day. 
The  number  of  males  and  females  emerging 
in  each  cage  was  recorded  daily  to  determine 
the  sex  ratio.  The  mean  number  of  adults 
emerging  per  929  cm^  was  computed  for 
each  elevation  on  each  plot,  and  the  means 
were  compared  with  a  one-factor  analysis  of 
variance  to  determine  significant  differences 
among  elevational  positions,  a  =  0.05. 

To  determine  adult  longevity,  12  adults 
were  collected  as  they  emerged  on  31  July 
1982,  were  separated  according  to  sex,  and 
were  placed  in  holding  cages.  The  cages 
were  checked  daily  thereafter  until  all  adults 
were  dead.  On  5  August  1982,  another  10  fe- 
males were  collected,  were  placed  in  cages, 
and  were  observed  daily  until  they  died. 

Various  amounts  of  time  were  spent  each 
day  during  the  first  half  of  the  emergence 
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North 
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Fig.  1.  Geographical  location  of  study  areas. 

period  observing  adult  behavior  as  they 
emerged  from  the  ground.  Individual  adults 
were  observed  for  1-2  hours  following  emer- 
gence. Sex  ratios  of  emerged  adults  clinging 
to  mature  tree  boles  were  determined  in  the 
evening. 

Results  and  Discussion 

Emergence  period.—  Adults  began  emerg- 
ing on  the  plots  28  July  1982.  A  few  adults 
were  observed  near  lights  at  Jacob  Lake  a 
few  days  earlier,  but  their  numbers  were  sim- 
ilar to  what  emerged  in  the  cages.  The  daily 
number  of  emerging  adults  continued  at  a 
low  level  until  4  August,  when  the  number 
increased  substantially  (Fig.  2).  Numbers  gen- 
erally   increased    thereafter,    and    maximum 


numbers  of  adults  emerged  during  10-15  Au- 
gust. After  mid-August,  numbers  decreased 
until  30  August,  when  daily  emergence  aver- 
aged 1-2  adults  per  day.  Adults  were  ob- 
served on  22  September,  after  the  checking 
of  cages  had  long  since  ceased,  indicating 
that  adults  continued  to  emerge  well  after 
most  of  the  population  emerged. 

Although  these  data  accurately  reflect  the 
general  emergence  pattern,  it  does  not  reflect 
the  total  number  of  emerging  moths.  If  an 
adult  emerged  for  every  929  cm^  of  ground 
(approximately  weighted  average  from  Table 
2),  then  more  than  100,000  adults  emerged 
from  each  infested  hectare.  If  this  density  is 
assumed  for  the  approximately  8000  hectares 
moderately  to  severely  defoliated  by  the  pre- 
vious larval  generation,  then  approximately 
800  million  moths  have  flown  during  the 
emergence  period.  Although  this  figure  is 
based  on  limited  emergence  data  and  an  ap- 
proximation for  total  infested  area  and,  thus, 
may  be  considered  speculative,  the  numbers 
observed  around  the  lights  at  Jacob  Lake, 
around  the  bases  of  trees,  and  flying  in  the 
woods  suggest  otherwise. 

Adults  emerged  at  the  lower-elevation 
Forest  Service  Road  257  plot  about  10  days 
before  the  first  emerging  adults  on  the  U.S. 
Highway  89A  plot.  The  combination  of  high- 
er elevation  and  north  aspect  probably 
caused  slower  development  on  the  U.S.  High- 
way 89A  plot. 

Moths  emerged  after  late  summer  rains  be- 
gan on  the  North  Kaibab.  Rains  soften  the 
dry,  cementlike  soil  surface  and  allow  the 
adult  to  emerge  with  less  difficulty  and  con- 
sequent increased  population  survival. 

Density  of  emerging  adults.—  The  num- 
ber of  adults  emerging  per  929  cm^  ranged 
from  0  to  13  (Table  2).  Mean  densities  on 
ridge  tops  and  midslopes  were  generally 
higher  than  in  ravines,  but  a  significant  dif- 
ference between  ridge   top  and  ravine  was 


Table  1.  Characteristics  of  the  four  emergence  plots. 


Numb 

er  of 

cages/ 

Number  of 

cages/ 

Plot 

Aspect 

Elevational  range 

plot 

elevational  position 

Cage  size 

Forest  Service  Road  246 

East 

2348-2378  ni 

51 

17 

1858  cm2 

U.S.  Highway  89A 

North 

2363-2386  m 

51 

17 

1858  cm2 

Forest  Service  Road  482 

West 

2317-2348  m 

48 

16 

1858  cm2 

Forest  Service  Road  257 

None 

2325  m 

100 

100 

929  cm2 

January  1984 
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Fig.  2.  Daily  emergence  of  pandora  moths,  1982. 

found  only  on  the  482  plot  (Table  2).  The 
low  densities  in  ravine  bottoms  were  ex- 
pected, because  previous  observations  in- 
dicated defoliation  was  less  on  trees  there. 
The  reason  for  this  elevational  variability  is 
not  known,  but  because  females  are  generally 
active  only  at  night,  and  the  ravine  bottoms 
are  noticeably  cooler,  females  may  be  most 
active  in  the  warmer  thermoclines  on  the 
ridge  tops  and  less  active  in  the  ravine  bot- 
toms. This  explanation  may  also  account  for 
the  broader  pattern  of  infestation,  wherein 
successive  ridges  had  greater  densities  of  lar- 
vae and  greater  defoliation  than  did  broad, 
lower  elevation  areas  between  them. 

Sex   ratio.—  Both   sexes   emerged   during 
the  first  10  days  of  the  emergence  period,  but 


males  outnumbered  females  by  a  3-4:1  mar- 
gin. As  the  emergence  period  progressed,  the 
sex  ratio  shifted  so  it  was  essentially  1:1  dur- 
ing peak  emergence  and  then  1:1.5  during 
the  last  10  days  that  emergence  was 
monitored. 

Behavior.—  Adults  crawled  upward 
through  the  soil  and  htter  from  their  pupal 
site,  so  the  first  evidence  of  their  emergence 
was  movement  of  the  litter.  After  emerging, 
they  crawled  over  the  litter  surface  until  they 
encountered  any  upward  oriented  object,  in- 
cluding tree  boles,  dead  limbs,  grass  stems, 
Solidago  sp.,  Lupinus  sp.,  cones,  and  stumps. 
All  were  climbed  when  encountered,  but 
most  of  the  herbaceous  plants  failed  to  sup- 
port the  adult.  When  the  stems  broke  or 


Table  2.  Number  of  emerging  pandora  moth  adults  per  929  cm^. 


Site 

Forest  Service  Road 
246  plot 

U.S.  Highway  89A 
plot 

Forest  Service  Road 
482  plot 

Forest  Service  Road 
257  plot 

X  ±  S.D. 

Ridge  top 
Midslope 
Ravine  bottom 

.4  ±     .8  a' 
.6  ±  1.1  a 
.1  ±     .2  a 

.8  ±  1.2  a 
.8  ±  1.1  a 
.2  ±  0.4  a 

Range 

2.4  ±  3.2a 
0.4  ±  0.8a  b 
0.2  ±  0.4b 

1.7  ±  2.4 

NA 
NA 

Ridge  top 
Midslope 
Ravine  bottom 

0-3.0 
0-3.5 
0-0.5 

0-4.0 
0-4.5 
0-1.5 

0-12.5 
0-  2.5 
0-  1.5 

0-13 

NA 
NA 

NA  =  Not  applicable 

'Within  a  particular  location,  means  followed  by  the  same  letter  are  not  significantly  different,  a  =  .05. 
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bent,  sending  the  adult  to  the  ground,  the 
adult  resumed  crawling  and  either  repeated 
this  process  with  other  herbaceous  stems  or 
finally  encountered  a  wooden  object.  Ninety- 
nine  percent  of  the  time  adults  settled  on  the 
boles  of  all  sizes  of  ponderosa  pine. 

Adults  sought  upward-oriented  objects  to 
find  a  place  to  hang  and  expand  their  wings. 
The  wings  are  not  fully  formed  when  they 
emerge,  and  the  wings  begin  to  expand  once 
the  adults  settle  on  an  upward-oriented 
object. 

Most  adults  settled  on  the  tree  boles  from 
within  a  few  centimeters  to  2  m  above 
ground,  with  maximum  ascension  being  in- 
fluenced by  tree  size  and  perhaps  the  dis- 
tance the  adult  crawled  over  the  ground  sur- 
face before  reaching  the  tree.  On  seedlings 
and  saplings,  adults  climbed  to  various 
heights,  and  frequently  climbed  as  high  as 
they  could  go.  On  larger  trees,  adults  settled 
various  distances  aboveground  ranging  from 
a  few  centimeters  to  over  6  m  in  a  few  cases. 
Some  adults  that  crawled  for  10-20  m  before 
encountering  a  tree  settled  within  1  m  of  the 
ground,  and  others  that  crawled  lesser  hori- 
zontal distances  settled  higher  on  the  bole. 

Adults  appeared  to  discern  large  trees 
when  they  were  within  2  m  of  them,  but 
seemed  to  encounter  seedlings  and  saplings 
by  chance.  Adults  frequently  crawled  past 
seedlings  and  saplings  that  could  have  pro- 
vided suitable  resting  places  and  continued 
crawling  imtil  encountering  another  object. 
Large  trees  were  not  bypassed  when  the 
adult  was  within  2  m  of  them,  but  adults  fre- 
quently did  not  crawl  to  large  trees  that  were 
closest  to  their  emergence  hole  when  the  dis- 
tance to  the  closest  tree  was  more  than  2  m. 

Adults  usually  settled  in  a  shaded  spot  on 
the  tree  where  they  could  hang  without  the 
abdomen  touching  any  surface.  They  settled 
into  this  position  with  a  lateral  rocking  mo- 
tion, during  which  the  antennae  were  folded 
close  to  their  ventrolateral  surface  just  above 
the  legs.  The  wings  were  expanded  within  15 
minutes.  At  first,  the  leading  edge  of  the 
unexpanded  wings  were  oriented  laterally 
from  the  body.  As  they  expanded,  the  leading 
edges  came  together  over  the  dorsal  surface 
of  the  abdomen  and  projected  outward  from 
the  body.  The  wings  remained  in  this  position 


for  another  30  to  45  minutes.  Then  the  lead- 
ing edges  were  brought  to  the  lateral  sides  of 
the  abdomen  and  the  trailing  edges  formed  a 
triangular  tent  over  the  abdomen. 

Adults  usually  remained  in  the  same  posi- 
tions on  the  boles  for  the  remaining  daylight 
hours  unless  disturbed  or  unless  their  location 
became  exposed  to  direct  sunlight.  In  such 
cases,  the  disturbed  adults  frequently  moved 
higher  on  the  tree.  On  sunny  days,  adults 
emerging  in  the  morning  were  usually  found 
on  the  north  and  west  sides  of  the  trees. 
Adults  emerging  in  the  afternoon  were  found 
on  the  north  and  east  sides  of  the  trees.  On 
cloudy  days,  more  adults  were  seen  on  south- 
ern exposures. 

During  the  first  days  of  the  emergence  pe- 
riod, little  flight  and  mating  activity  was  ob- 
served. Few  females  mated  during  the  wing 
expansion  period,  and  no  egg  masses  were 
observed  on  tree  boles.  As  the  emergence  pe- 
riod progressed,  more  mature  adults  were 
present,  and  hundreds  of  males  were  ob- 
served flying  during  the  daylight  hours. 
Males  frequently  hovered  8-15  cm  away 
from  the  boles  and  flew  vertically  or  laterally 
around  the  circumference  at  this  distance, 
apparently  in  search  of  females.  Newly 
emerged  females  frequently  mated  as  soon  as 
they  began  crawling  up  the  tree  or  while  at 
rest  during  wing  expansion.  As  a  result,  egg 
masses  became  abundant  in  the  first  1-2  me- 
ters of  the  bole.  This  probably  accounts  for 
the  greater  density  of  egg  masses  in  the  first 
30  cm  of  the  bole  as  observed  by  Schmid  et 
al.  (1982a).  Furthermore,  the  highly  dis- 
proportionate sex  ratio  favoring  males  in  the 
initial  days  of  emergence  decreases  the  possi- 
bility that  females  go  unmated.  This  appar- 
ently increases  the  chances  of  survival  of  the 
species. 

Females  generally  were  not  observed  fly- 
ing during  daylight  hours.  This  observation, 
the  tendency  to  avoid  direct  sunlight  and  the 
tremendous  nighttime  activity  around  lights 
at  Jacob  Lake,  indicates  most  adults,  particu- 
larly females,  are  active  at  night.  Males  near- 
ing  death  were  the  adults  most  active  during 
daylight  hours. 

Longevity.—  All  but  one  caged  adult  died 
within  one  week  after  emergence.  The  cages 
kept  them  relatively  inactive  so  their  life 
spans  may  have  been  artificially  shortened. 
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However,  seven  days  is  probably  the  life  span 
of  the  adult  in  the  forest. 
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MULTIPLE  ECTOPIC  LIMBS  IN  A  WILD  POPULATION  OF  HYLA  REGILLA 

Timothy  D.  Reynolds'  and  Trent  D.  Stephens' 


Abstract.—  a  wild  population  of  Pacific  tree  frogs  (Htjla  regilla)  in  Idaho  exhibited  a  high  incidence  (22%)  of  hind 
limb  abnormalities.  This  situation  is  discussed  with  reference  to  similar  occurrences  reported  for  isolated  populations 
of  the  species  in  the  Pacific  Northwest. 


Isolated  cases  of  amphibians  found  in  na- 
ture with  extra  legs  (polymelia)  are  not  un- 
common (Van  Valen  1974).  Occurrences  of 
significant  numbers  of  such  defects  among 
small  populations  of  amphibians,  however, 
are  less  common  and  of  much  greater  impor- 
tance. Reports  of  polymelic  populations  (Van 
Valen  1974)  have  occurred  fairly  regularly 
since  1948  and  have  included  Hyla  regilla, 
Ceptodactylus  sp.,  Rana  catesbeiana  (two 
separate  populations),  Rana  esculenta  ridi- 
bunda,  and  "frogs."  These  reports  have  come 
from  a  wide  geographical  range  including 
Russia,  Ecuador,  and  several  sites  in  the 
United  States  (Montana,  New  Jersey,  Ohio, 
and  Mississippi). 

One  report  not  included  in  the  Van  Valen 
(1974)  review  concerns  a  second  population 
of  polymelic  Hyla  regilla  in  a  small  pond  in 
Spokane,  Washington  (Miller  1968).  We  will 
expand  upon  the  report  of  polymelia  in  Hyla 
regilla  that  was  included  in  the  Van  Valen  re- 
view (1974).  In  August  1958  (the  same  year 
as  polymelic  Rana  catesbeiana  were  discov- 
ered in  Mississippi,  Volpe  1981:3-4)  several 
polymelic  Hyla  regilla  were  taken  from  a 
pond  near  Poison,  Montana  (14  malformed  of 
a  total  population  of  73  examined;  Hebard 
and  Brunson  1962).  The  next  year  four  more 
malformed  specimens  were  taken  from  the 
same  Montana  pond  (of  a  total  of  13  exam- 
ined), and  in  1960  and  1961  similar  propor- 
tions of  polymelia  were  observed  there.  The 
report  of  the  Spokane  population  (Miller 
1968)  was  very  brief  and  had  few  details. 
That  population  was  sampled  only  once. 


The  purpose  of  the  present  paper  is  to  re- 
port a  third  population  of  polymelic  Hyla  re- 
gilla found  in  the  fall  of  1981  in  Boise,  Idaho. 
We  will  discuss  the  striking  regionality  of  this 
defect  and  its  implications  concerning 
etiology. 

Study  Area 

Our  specimens  were  collected  from  a  small 
(approximately  0.2  ha)  pond  located  in  a  low- 
lying  area  within  a  housing  complex  on  the 
southwest  side  of  Boise,  Ada  County,  Idaho 
(SW  1/4  SW  1/4  Sec.  2,  T2N,  RIE  Boise  Merid- 
ian; Universal  Transverse  Mercator  Coordi- 
nates 482000  N,  555650  E,  Zone  11).  Max- 
imum water  depth  was  0.5  m.  Cattail  (Typha 
latifolia  L.)  was  the  dominant  vegetation  of 
the  pond  environs.  There  was  no  obvious  wa- 
ter inlet  or  outlet  for  the  pond.  The  Paris  lat- 
eral canal,  part  of  the  local  irrigation  net- 
work, passed  within  10  m  of  the  north  side  of 
the  pond.  Presumably,  underground  seepage 
from  the  canal  was  the  source  of  pond  water. 
A  local  resident  stated  that  the  pond  was  of- 
ten dry  or  nearly  so  in  the  early  spring,  but 
would  increase  in  size  by  late  summer  to 
nearly  one  acre  (0.4  ha).  For  mosquito  con- 
trol purposes,  the  Ada  County  Mosquito 
Abatement  District  applied  Bx-2  coated 
granules  to  the  pond  at  a  dosage  rate  of  5 
pounds  per  acre  on  26  May,  16  and  31  June, 
and  31  July  1981  (R.  Shore,  pers.  comm.).  Bx- 
2  granules  contain  2%  (by  weight)  of  the  lar- 
vicide  Baytex  (FMC  Corporation).  This  com- 
pound has  no  known  teratological  effects,  but 
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is  reported  to  be  toxic  to  a  variety  of  in- 
vertebrate and  vertebrate  classes. 


Methods 

Abnormal  frogs  in  the  pond  were  noticed 
by  a  local  resident  and  reported  to  the  pesti- 
cide inspector  of  the  Idaho  Department  of 
Agriculture  ca  5  September  1981.  One  of  us 
(TDR)  was  contacted  and  collecting  trips 
were  made  to  the  pond  on  10,  16,  and  23 
September  and  3  October  1981.  Using  long- 
handled  aquatic  insect  nets,  efforts  were 
made  to  capture  all  frogs  observed.  The  ma- 
jority of  the  frogs  captured  were  transported 
to  the  biology  departments  of  Boise  State  and 
Idaho  State  imiversities  and  placed  in  aquaria 
for  future  breeding  and  teratological  experi- 
ments. Some  normal  individuals  were  re- 
turned to  the  pond  after  close  inspection  re- 
vealed no  limb  anomalies. 


Results 

A  total  of  54  Pacific  tree  frogs  (Hijlu  re- 
gilla)  were  captured.  Thirteen  (22%)  exhib- 
ited hind  limb  abnormalities.  No  fore  limb 
anomalies  were  noted.  The  defects  ranged 
from  a  small  midcaudal  bleb  or  Polydactyly 
of  one  foot  to  complete  and  multiple  hind 
limb  polymelia  with  concomitant  Poly- 
dactyly (Table  1;  Figs.  1  and  2).  Abnor- 
malities occurred  in  equal  numbers  on  the 
left  and  right  sides  of  the  animals.  The  degree 

Table  1.  Occurrence,  sidedness,  and  severity  of  hind 
limb  abnormalities  in  a  wild  population  of  Hijla  regilla 
from  Boise,  Ada  County,  Idaho,  1981. 


Hind  limb  morphology 

Number  of 

individuals  af- 

fected 

Normal 

41 

Left 

Mid- 

Right 

Abnormal 

side 

line 

side 

Total 

Midcaudal  blebs 

0 

2 

0 

2 

Clinodactyla 

1 

0 

0 

1 

Polydactyla 

2 

0 

1 

3 

Partial  polymelia 

2 

0 

0 

2 

Partial  polymelia 

and  polydactyla 

0 

0 

1 

1 

Complete  polymelia 

and  polydactyla 

0 

1 

1 

2 

Multiple  complete 

polymelia  and 

polydactvla 

0 

0 

2 

2 

Totals 

5 

3 

5 

13 

of  function  of  the  polymelic  limbs  was  vari- 
able, and  ranged  from  no  discernible  function 
in  some  ectopic  limbs  to  nearly  normal  func- 
tion in  others. 

Discussion 

Although  the  sample  size  in  this  study  was 
small,  the  results  indicate  a  high  incidence 
(22%)  polymelia  and  polydactyly  in  a  wild 
hylid  population.  The  polymelia  observed  in 
this  study  involved  only  the  hind  limbs.  This 
is  consistent  with  Van  Valen's  (1974)  state- 
ment that  the  fore  limbs  are  rarely  affected 
in  polymelic  populations.  This  Idaho  popu- 
lation of  hylids  exhibited  the  same  types  of 
defects  as  the  polymelic  hylids  found  in  Mon- 
tana and  Washington.  This  is  consistent  with 
Van  Valen's  (1974)  observation  that  "specific 
kinds  of  abnormalities  are  different  for  each 
species  or  subspecies  (but  not  between  popu- 
lations within  species)." 

All  three  reported  cases  of  polymelic  pop- 
ulations of  Hijla  have  occurred  in  the  inter- 
mountain  regions  of  the  Northwest  United 
States  (i.e.,  Montana,  Washington,  and 
Idaho).  If  polymelia  was  ubiquitous  to  the  en- 
tire population  of  Hyla  regilla,  it  would  be 


Fig.  1.  Live  Hyla  regilla  taken  from  the  north  edge  of 
the  Boise  pond,  3  October  1981.  The  ectopic  leg  repre- 
sents a  duplication  of  the  entire  leg  distal  to  the  knee. 
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much  more  likely  for  such  malformations  to 
be  noted  in  the  Pacific  coast  populations, 
where  both  frogs  and  observers  are  more 
common,  than  in  the  more  remote  reaches  of 
the  hylid  range.  Indeed,  the  three  abnormal 
populations  were  confined  to  isolated  pock- 
ets of  Hijla  regilla  located  well  outside  the 
main  geographic  distribution  of  the  species 
(Fig.  3). 

It  is  conceivable  that  these  three  popu- 
lations of  Hyla  represent  only  marginally  suc- 
cessful isolates  and  that  whatever  environ- 
mental factors  restrict  the  existence  of  Hijla 
in  adjacent,  nonpopulated  areas  contribute  to 
the   malformations   in   the   isolates.   A   large 


number  of  environmental  factors  could  be 
postulated.  The  most  obvious  restricting  fac- 
tor in  that  general  region  of  the  United  States 
is  climate.  The  three  sites  where  the  hylid 
populations  exist  are  areas  of  comparatively 
greater  rainfall  and  more  moderate  temper- 
atures than  the  general,  more  hostile  environ- 
ment of  that  region. 

Van  Valen  (1974)  discussed  possible  eti- 
ologies in  his  review  of  polymelia.  They  in- 
cluded genetic  defects,  viruses,  parasites, 
radiation,  pH,  temperature,  and  desiccation. 
Of  that  list,  the  last  two  are  the  most  inter- 
esting in  relation  to  the  isolated  Hyla  popu- 
lations being  discussed.  The  pond  in  Boise  is 
reported  as  being  dry  for  a  large  portion  of 
the  year.  One  of  us  (TDS)  visited  the  pond  in 
May  1982  and  found  the  pond  completely 
dry.  It  is  thus  possible  that  the  Hyla  of  that 
pond  are  breeding  later  than  normal  or  that 
the  eggs  are  laid  in  rather  dry  conditions. 
Voitkevich  (1958,  1961)  noted  that  the  poly- 
melous  Rana  esculenta  ridibunda  that  he  ob- 
served in  one  reservoir  were  found  mostly  in 
the  region  of  cold  spring  water.  He  suggested 
that  cold-related  developmental  retardation 
may  result  in  such  malformations.  Lastly, 
Miller  (1968)  noted  that  the  pond  where  the 


Fig.  2.  Fixed  Hifia  regilla  taken  from  the  north  edge 
of  the  Boise  pond,  3  October  1981.  The  frog  exhibits 
four  complete  legs  joined  at  the  pelvic  girdle.  It  is  diffi- 
cult to  determine  which  legs  are  "normal"  and  which 
are  "abnormal." 


Fig.  .3.  Outline  map  of  the  western  United  States, 
with  the  distribution  of  Hyla  regilla  indicated  by  diago- 
nal lines.  High  concentration  areas  are  marked  by  cross- 
hatching.  The  locations  of  the  three  polymelic  Hyla 
populations  are  indicated  bv  the  circles  (After  Jameson 
et  al.  1966;  Fig.  13). 
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Washington  Hyla  were  collected  had  been 
sprayed  for  mosquitoes.  The  Idaho  pond  had 
also  been  sprayed  for  mosquitoes.  Never- 
theless, such  observations  cannot  be  consid- 
ered as  anything  more  than  coincident  at  this 
point. 

We  hope  to  follow  up  on  all  three  North- 
western Hyla  populations  in  the  futtue  in  an 
attempt  to  gather  more  information  about 
possible  etiology. 
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PLAGUE  IN  PINE  MARTENS 
AND  THE  FLEAS  ASSOCIATED  WITH  ITS  OCCURRENCE 

W.  J.  Zielinski' 


.\bstract.—  Thirteen  pine  martens  {Martes  americana)  were  sampled  periodically  from  Julv  1979  to  September 
1980  for  plagiie  (Yersinia  pestis)  antibodies  and  their  fleas  collected  and  identified.  Four  individuals  were  positive  for 
plague  antibodies  on  8  of  24  sampling  occasions.  Titer  peaks  in  these  individuals  occurred  simultaneously  in  early 
winter  but  fell  to  undetectable  levels  by  late  spring.  A  chipmunk  flea  {Monopst/lhis  ciliatus)  was  the  most  common 
ectoparasite  constituting  55%  of  all  individuals  collected.  Thirty-one  percent  of  all  fleas  belonged  to  Chaetopsylla 
Puridensis,  a  species  previously  unreported  in  California.  The  remains  of  ground-dwelling  sciurids  (chipmunks,  Eu- 
tamias  spp.,  and  ground  squirrels,  Spennophihis  spp.)  were  very  common  in  marten  scats  during  the  period  preced- 
ing elevated  titers.  For  this  reason,  and  the  fact  that  92%  of  all  fleas  collected  from  martens  during  this  same  period 
were  found  more  commonly  on  chipmunks  and  ground  squirrels,  these  rodents  were  implicated  as  the  source  of  the 
martens'  exposure  to  plague. 


Plague  is  an  infectious  zoonotic  disease 
found  primarily  in  wild  rodents  in  the  west- 
ern United  States.  Fleas  serve  as  the  vector  of 
the  disease  agent.  Carnivores  are  infected 
secondarily  while  feeding  upon  moribund 
and  dead  infected  animals  (Rust  et  al.  1971) 
or  from  contact  with  fleas  residing  in  rodent 
burrows  or  nests  (Eads  et  al.  1979).  Because 
most  carnivores  appear  to  develop  only  tran- 
sient clinical  signs  to  plague  (Marchette  et  al. 
1962,  see  Rust  et  al.  1971,  for  feline  excep- 
tions) and  have  larger  home  ranges  than  ro- 
dents, they  play  an  important  role  in  trans- 
ferring infected  fleas  to  uninfected  rodent 
populations  (Eads  et  al.  1979).  Rodent  pred- 
ators also  serve  as  sentinel  species  for  mon- 
itoring plague  (Poland  and  Barnes  1979,  Mes- 
sick  et  al.  1983).  Despite  their  importance, 
the  contribution  of  rodent  predators  to  the 
epidemiology  of  plague  is  poorly  known 
(Messick  et  al.  1983).  In  California,  the  pine 
marten  feeds  primarily  on  the  rodents  that 
are  confirmed  plague  host  reservoirs.  Plague 
has  been  detected  in  martens  elsewhere 
(Barnes  1982),  but  little  information  was 
available  regarding  the  ecology  of  the  marten 
population  at  the  site.  Presented  here  are  the 
first  records  of  plague  in  California  pine  mar- 
tens, the  flea  faima  discovered,  and  informa- 
tion on  marten  diets  and  home  ranges. 


Materials  and  Methods 

Field  work  was  concentrated  in  the  40  km^ 
Sagehen  Creek  drainage,  located  on  the  east- 
ern side  of  the  Sierra  Nevada  in  Nevada 
County,  California.  This  area  is  classified  as 
having  "intermediate  potential"  for  epizootic 
plague  (Murray  1964),  and  evidence  of  deci- 
mation of  ground  squirrel  populations  has 
been  documented  at  nearby  Tahoe  City 
(Murray  1971).  Thirteen  pine  martens  were 
captured  at  least  once  each  from  July  1979  to 
September  1980  and  were  immobilized  with 
a  combined  intramuscular  injection  of  keta- 
mine-hydrochloride  (Vetalar,  100  mg/ml, 
Parke-Davis,  Detroit,  MI)  and  acetylproma- 
zine  maleate  (Acepromazine,  10  mg/ml 
Ayerst  Laboratories,  Inc.,  New  York,  N.Y.). 
During  initial  captures,  and  at  several  recap 
tures  for  those  animals  trapped  often,  a  toe- 
nail was  cut  to  the  quick  and  blood  was  col- 
lected on  a  paper  strip  (Wolff  and  Hudson 
1974).  These  samples  were  sent  to  the  Plague 
Branch,  Centers  for  Disease  Control,  Fort 
Collins,  Colorado,  for  serological  testing.  De- 
velopment of  antibody  gives  evidence  of  pri- 
or infection  with  plague.  Results  are  reported 
as  a  dilution  ratio  of  1:32  to  1:16,384  with  ti- 
ters  >1:32  considered  positive.  Fleas  were 
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Fig.  1.  Marten  plagiie  titers  and  spatial  distribution  of  captures  at  which  a  blood  sample  was  collected  (Home 
range  boundaries  are  included  for  three  animals,  and  each  represents  the  outermost  points  of  25  to  300  locations). 


discovered  by  close  examination  of  the  mar- 
ten's pelage  after  brisk  brushing  and  were 
preserved  in  70%  ethanol. 

Home  range  information  was  obtained  by 
monitoring  the  location  of  6  martens  fitted 
with  radio-transmitter  collars  (SB2,  AVM  In- 
strument Co.,  Champagne,  IL  61820).  Mar- 
tens were  located  by  approaching  the  signal 
on  foot  with  a  small  hand-held  antenna  and 
receiver.  Spencer  (1981)  analyzed  the  charac- 
teristics of  marten  home  ranges  in  detail,  but 
for  purposes  of  this  paper  the  home  range 
perimeters  are  defined  by  the  outermost  ra- 
dio locations. 

Marten  food  habits  were  studied  by  ana- 
lyzing scat  contents.  Hair  remains  were  iden- 
tified to  the  most  specific  taxon  possible  with 
the  assistance  of  a  reference  collection  of 
hairs  from  mammals  collected  in  the  study 
area  and  an  identification  key  (Moore  et  al. 
1974).  Bone  fragments  and  teeth  were  also 
compared  to  a  reference  skeleton  collection. 


The  volumetric  proportions  of  the  contents 
were  estimated  visually  and  multiplied  by  the 
scat  volumes  to  determine  relative  percent- 
ages of  food  items  by  volume.  Additional 
procedures  are  presented  in  Zielinski  (1981). 

Results 

Plague  Titers  and  Flea  Occurrence 

Four  (M01,M07,F15,F21)  of  13  martens 
captured  were  plague  positive  on  8  of  24 
sampling  occasions.  Two  of  these  individuals 
(F15,M01)  were  radio  collared,  and  their 
ranges  overlapped  substantially  (Fig.  1).  The 
female,  F21,  was  trapped  once  within  the 
shared  portion  of  home  ranges  of  the  pre- 
vious two  martens.  Trapping  data  suggests 
that  M07  occupied  an  area  exclusive  of  the 
other  three  martens  (Spencer  1981). 

The  antibody  titer  of  three  martens 
(M01,M07,F15)  was  tested  a  minimum  of 
three  times  between  August  1979  and  May 
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Fig.  2.   Monthly  distribution  of  marten  plague  titers  from  August  1979  to  September  1980. 


1980  (Fig.  2).  Each  expressed  a  titer  peak  of 
1:256  to  1:512  in  November  or  December. 
Although  sampled  only  once,  F21  expressed  a 
titer  of  1:512  during  this  time  as  well.  Three 
other  martens  sampled  during  this  same  peri- 
od, however,  were  negative. 

Seventy  fleas  were  collected  from  13  mar- 
tens (6F:7M)  on  20  occasions  (Table  1).  Seven 
species  in  five  genera  were  identified.  Fleas 
were  collected  from  all  regions  of  the  mar- 
ten's body  and  during  all  seasons  of  the  year. 
The  flea,  ChaetopsyUa  floridensis,  is  mon- 
oxenous  to  martens  and  was  collected  for  the 
first  time  in  California  during  the  present 
study.  All  other  fleas  found  occur  more  com- 
monly on  rodents.  MonopsijJhis  ciliatus,  a 
chipmunk  flea,  was  the  most  common  repre- 
sented by  39  individuals.  Flea  species  were 
easily  distinguishable  as  warm  or  cold  season 
parasites  on  martens.  Monopsijllus  wagneri, 
Megarthoglossus  sp.,  and  Orchopeas  nepos 
were  typical  winter  fleas  collected  between  5 
November  and  13  March.  Monopsyllus  eu- 
molpi,  Monopsyllus  ciliatus,  and  Oropsylla 
idahoensis  were  collected  only  between  5 
May  and  5  September. 

Food  Habits 

Thirty-six  different  food  items  were  identi- 
fied from  300  scats.  Mammals  composed 


76.1%  of  the  total  annual  diet,  reaching  a 
high  of  87.9%  during  the  winter.  Rodents 
formed  the  largest  portion  of  the  mammal 
category,  representing  62.1%  of  the  annual 
diet  and  64.2%  during  the  summer.  Because 
rodents  are  the  primary  hosts  of  plague-bear- 
ing fleas,  the  discussion  of  marten  food  habits 
will  focus  on  these  prey.  A  more  complete 
description  of  marten  food  items  at  Sagehen 
is  summarized  by  Zielinski  et  al.  (1983). 

Microtines  (the  montane  vole,  Microtus 
montanus,  and  the  long-tailed  vole,  M.  long- 
icaudus)  were  the  most  common  rodent  prey, 
composing  23.7%  of  the  annual  diet  (Table 
2).  Their  use  by  martens  was  not  confined  to 
a  particular  season. 

Most  other  mammalian  prey  were  distin- 
guished as  either  summer  or  winter  food 
items.  Chipmimks,  golden-mantled  ground 
squirrels  (Spertnophilus  lateralis),  California 
ground  squirrels  (S.  beecheyi),  and  Belding 
ground  squirrels  (S.  beldingi)  were  taken  only 
during  the  snow-free  period  of  the  year. 
Chipmunks  and  golden-mantled  ground 
squirrels  were  the  most  frequent  prey,  aver- 
aging 33.3%  of  the  diet  during  this  period. 
Conversely,  the  chickaree  {Tamiasciurus 
douglasii),  snowshoe  hare  (Lepus  american- 
us),  northern  flying  squirrel  (Glaucomys  sabr- 
inus),  and  deer  mouse  {Peromyscus  manicu- 
latus)  were  primarily  winter  foods. 
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Discussion 

Titer  Variance 

Although  most  martens  expressed  a  peak  in 
antibody  titer  in  late  fall  or  early  winter,  an- 
tibodies were  not  detected  in  several  individ- 
uals. Martens  M20,  M26,  and  M27  each  had 
negative  titers  during  November  when  mar- 
tens MOl,  M07,  F15,  and  F21  exhibited  tlieir 
highest  titers.  Several  explanations  for  this  re- 
sult are  possible.  First,  the  three  martens  in 
which  antibodies  were  undetected  were  all 
captured  in  tlie  extreme  northern  boundary 
of  the  study  area,  at  least  3  km  from  other 
marten  captures.  Plague  may  have  either 
been  distributed  patchily  within  the  study 
area  and  the  martens  in  question  lived  within 
an  uninfected  area,  or  plague  may  have  been 
moving  dirough  the  region  in  a  northerly  di- 
rection and  had  not  yet  infected  rodents  in 
the  area  in  which  the  martens  foraged.  Also, 
these  three  martens  may  have  had  recent  ex- 
posure to  plague  and  antibodies  may  have 
been  too  low  to  detect  using  the  Nobuto  strip 
technique.  Finally,  there  may  be  a  high  de- 

Table  1.  Fleas  recovered  from  martens  at  Sagehen  Cr 


gree  of  variation  in  the  reaction  of  individual 
martens  to  plague  exposure.  Little  is  known 
of  antibody  response  in  martens,  but  re- 
sponses have  been  shown  to  vary  greatly 
from  one  individual  to  another  in  other  pre- 
dators and  rodents  (Barnes  1982). 

Inferring  Predator-Prey  Interactions 
via  Flea  Fauna 

Although  the  identification  of  marten  fleas 
broadened  the  scant  records  of  marten  ecto- 
parasite fauna  (de  Vos  1957,  Eads  et  al. 
1979),  these  data  were  also  useful  in  deducing 
interactions  between  marten  and  their  prey. 
Fleas  are  relatively  host  specific,  parasitizing 
a  subfamily,  genus,  or  species  of  host  (Pollit- 
zer  1954:638).  Because  martens  acquire  fleas 
while  consuming  prey  or  searching  burrows 
and  nests,  it  is  possible  to  infer  the  type  of 
prey  the  martens  hunt  on  the  basis  of  their 
ectoparasite  fauna.  This  information  is  useful 
in  verifying  food  habits  information  obtained 
by  scat  analysis  and  in  documenting  exposure 
to  rodents  that  are  known  plague  reservoirs. 
eek  from  July  1979  to  September  1980. 


Species 


Date 


M 


Usual  host(s) 


Megarthroglossus  sp. 
MonopfHiIIu.y  uagneri 
M.  ciliattis 


M.  euinolpi 

Orcliopeas  nepos 
Oropstjila  ichihocnsis 
OiaetopstjUa  floridensis 


24  Jan 

IFeb 

5  May 
4  June 
24  June 
29  Jul 

4  Aug 

17  Aug 

18  Aug 
20  Aug 

5  Sep 

26  Jun 

4  Aug 
20  Aug 

5  Nov 
13  Mar 

4  June 
29  Jul 

11  Nov 
29  Nov 
16  Dec 
24  Jan 
2  Feb 
11  Feb 
13  Feb 


Cricetine  rodents  (probably  deer  mouse)^ 

deer  mouse^ 

chipmunks  (except  yellow  pine)^ 


Totals 


3 
1 

27 


yellow-pine  chipmunk'' 


1        chickaree'' 
1 

1         golden-mantled  ground  squirrel* 


3        pine  marten" 

1 
4 
1 
2 
1 

43 


^Barnes  ( 1982) 
B.  Nelson  (pers.  comm.) 
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Monopsyllus  wagneri  (deer  mouse  flea),  Me- 
garthoglossiis  sp.  (mouse  flea,  most  likely 
deer  mouse  nest  flea)  (Nelson,  pers.  comm.), 
and  Orchopeas  nepos  (chickaree  flea)  were 
collected  from  martens  during  winter.  The 
association  of  martens  with  these  rodent  hosts 
is  also  supported  by  their  abundant  remains 
foimd  in  scats  of  this  period.  Conversely,  the 
fleas  Monopsyllus  eumolpi,  M.  ciliatus,  and 
OropsijUa  idahoensis  were  collected  from 
martens  during  the  snow-free  period  and  are 
normally  found  on  the  yellow-pine  chip- 
munk, other  chipmunks,  and  the  golden-man- 
tled ground  squirrel,  respectively.  Again 
there  is  a  similarity  between  the  flea's  usual 
hosts  and  the  marten's  summer  diet  as  deter- 
mined by  scat  analysis. 

Despite  these  associations,  predicting  mar- 
ten food  habits  from  flea  species  occurrence 
has  several  drawbacks.  Species  that  are  com- 
mon prey  may  not  be  represented  by  their 
fleas.  In  this  study,  the  fleas  of  snowshoe 
hares  and  voles  were  not  found  on  martens. 
This  is  especially  imusual  for  voles,  consid- 
ering their  importance  in  the  diet  throughout 
most  seasons.  Eads  et  al.  (1979)  also  found  la- 
gomorph  fleas  absent  from  martens  in  Colo- 
rado despite  their  abundance  in  a  free-living 
state.  In  addition,  the  life  cycle  information 
necessary  to  determine  the  duration  of  flea 
persistence  on  a  marten  is  lacking.  Inferences 
about  seasonal  marten  diets  are  inconclusive 


without  this  knowledge.  Finally,  the  host  spe- 
cificity of  many  fleas  is  unknown.  As  the  ar- 
ray of  suitable  hosts  increases,  the  value  of  a 
flea  in  predicting  specific  prey  eaten  or  hunt- 
ed diminishes. 


Inferring  Plague  Hosts 
via  Flea  Fauna  and  Plague  Titers 

Martens  include  many  rodent  species  in 
their  diet,  but  most  evidence  implicates 
ground-dwelling  sciurids  (chipmunks  and 
ground  squirrels)  as  the  source  of  the  mar- 
ten's exposure  to  plague.  Members  of  the 
genera  Eutamias  and  Spennophilus  are  com- 
mon hosts  of  plague-bearing  fleas  throughout 
the  range  of  the  disease  in  North  America 
(Barnes  1982),  and  plague  has  been  demon- 
strated in  all  species  within  these  genera  that 
occur  at  Sagehen  Creek  (Nelson  1980).  Sim- 
ilarly, seasonal  changes  in  seropositive  badger 
{Toxidae  toxiis)  titers  were  found  to  correlate 
with  predation  on  the  plague-susceptible 
Townsend  ground  squirrel  {Spermophilus 
townsendi)  in  Idaho  (Messick  et  al.  1983). 
Members  of  other  genera  upon  which  marten 
prey  at  Sagehen  have  been  shown  to  be  ei- 
ther somewhat  refractory  to  the  disease  (i.e., 
Tatniasciuriis,  Nelson  1980,  Peromijscus  and 
Microtus,  Bacon  and  Drake  1958,  Hudson 
and  Kartman  1967,  Hubbert  and  Goldenberg 


Table  2.  Mammalian  prey  of  the  pine  marten  at  Sagehen  Creek  1979-1980,  presented  as  total  volume  of  300 
scats. 


1  Dec-1  Mar 

2  Mar-25  Apr 

26  Apr-1  July 

2  July-1  Sept 

2  Sept-30  Nov 

Total 

No.  scats 

91 

61 

76 

25 

47 

300 

No.  items 

138 

96 

125 

59 

84 

502 

Prey  items 

Microtus  spp. 

37.4 

5.2 

33.2 

4.5 

18.3 

23.5 

Tamiasciunis  douglasii 

13.9 

29.8 

3.5 

1.1 

.3.1 

11.3 

Spermophilus  lateralis 

1.8 

13.9 

25.2 

10.9 

8.3 

Lepiis  (micricanus 

18.8 

10.0 

0.7 

1.9 

0.9 

7.7 

Eutamias  spp. 

2.7 

8.6 

18.8 

3.0 

5.4 

Glaucomys  sabrinus 

5.6 

13.1 

2.0 

4.6 

Peromijscus  maniculatus 

8.5 

7.8 

1.0 

2.1 

4.5 

Scapanus  latiman  us 

3.2 

5.0 

5.9 

7.2 

3.5 

Thomomys  monticola 

2.3 

2.1 

7.2 

0.2 

2.0 

Sorex  spp. 

4.0 

3.2 

1.5 

Odocoileus  hemiunus 

0.4 

1.5 

5.6 

1.2 

Spermoph  ilus  beldingi 

4.7 

1.0 

Spentioph ilus  heecheiji 

0.5 

0.9 

3.0 

0.2 

Unidentified  Spertnophilus 

3.5 

1.0 

Marmota  flaviventris 

0.2 

0.1 

Erethizcm  dorsatum 

0.1 

0.1 
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1970)  or  data  on  their  susceptibility  are  lack- 
ing (i.e.,  Glaucomys,  Thomomys)  (Nelson 
1980). 

The  time  of  the  year  that  martens  were 
seropositive  also  attests  to  their  interactions 
with  ground-dwelling  sciurids.  The  highest  ti- 
ters occiu-red  during  November  and  Decem- 
ber. Nevertheless,  these  peaks  represent  the 
decline  phase  of  a  higher  response  peak 
(probably  greater  than  1:1080)  that  would 
have  been  evident  had  these  individuals  been 
sampled  in  September  or  October  (B.  Nelson, 
pers.  comm.).  If  marten  antibody  responses 
are  similar  to  those  in  mongoose  {Herpestes 
auropiinctatiis),  these  titer  peaks  typically 
should  occur  about  one  month  after  exposure 
(Meyer  et  al.  1965).  Thus,  if  this  assumption 
is  correct,  martens  most  likely  contracted 
plague  in  August  or  September.  This  is  in 
agreement  with  the  annual  escalation  of 
plague  activity  during  late  summer  in  north- 
em  California  (B.  Nelson,  pers.  comm,  Mur- 
ray 1971)  and  occurs  when  martens  are  feed- 
ing primarily  on  chipmunks  and  grovmd 
squirrels.  Because  these  rodents  as  a  group 
are  highly  susceptible  to  plague,  and  because 
they  compose  a  much  greater  component  of 
the  marten  diet  in  northern  California  than 
elsewhere  (Zielinski  et  al.  1983),  pine  martens 
may  play  a  greater  role  in  the  ecology  of 
plague  in  California  than  elsewhere. 
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BODY  FAT,  BODY  WATER,  AND  TOTAL  CALORIC  VALUE  OF  UINTA  GROUND 

SQUIRRELS 

James  A.  Gessaman' 

Abstract.—  The  weight  of  body  water  and  fat-free  dry  weight  of  Uinta  groinid  squirrels  {Spenuophiltis  (irniatii.s)  is 
given  as  a  function  of  body  weight.  Body  fat  is  presented  as  a  fimction  of  body  weight  and  bodv  length.  An  equation 
for  calculating  the  total  caloric  content  of  Uinta  groinid  squirrels  is  given. 

Fat  index  (weight  of  fat/fat-free  dry  weight)  values  of  juveniles  increased  from  0.11  to  0.22  from  5  Jime  to  28  Julv. 
In  male  yearlings  and  adults  the  fat  index  increased  about  8  to  9  times  in  the  latter  half  of  June  and  early  July. 


Uinta  ground  squirrels  (SpermophUus  ar- 
matiis)  spend  about  8.5  months  of  their  an- 
nual cycle  in  hibernation.  In  northern  Utah 
adult  squirrels  begin  entering  hibernation  in 
July,  and  all  squirrels  have  disappeared  by 
early  September  (Knopf  and  Ralph  1977).  Fat 
is  utilized  as  the  primary  source  of  energy 
during  hibernation.  This  study  measured  the 
body  fat  of  squirrels  over  several  weeks  prior 
to  hibernation. 

Methods 

Thirty-eight  male  (ranging  in  body  weight 
from  54.7  to  549.0  g)  and  20  female  (ranging 
from  57.4  to  554.0  g)  Uinta  ground  squirrels 
were  trapped  along  the  Sinks  Road  in  Frank- 
lin Basin,  Cache  County,  Utah.  They  were 
transported  to  the  laboratory  and  asphyxiated 
with  carbon  tetrachloride  fiunes,  weighed, 
and  stored  in  a  freezer  at  -18  C.  Weeks  later, 
they  were  thawed,  cut  open,  and  desiccated 
to  constant  weight  by  freeze  drying  for  5  to  7 
days.  Each  dried  carcass  was  cut  into  smaller 
pieces,  the  fat  content  of  each  was  extracted 
in  a  Soxhlet  apparatus  using  petroleum  ether 
(B.P.  60-80  C)  as  the  solvent,  and  then  each 
carcass  was  dried  to  coastant  weight  in  a  hot- 
air  oven  at  80  C.  The  weight  of  body  water 
was  considered  equal  to  the  body  weight  at 
capture  minus  the  vacuum-dried  weight.  The 
weight  of  body  fat  was  equated  with  the  vac- 
uum-dried weight  minus  the  dry  weight  of 
the  fat-extracted  carcass  (i.e.,  the  fat-free  dry 
weight). 


Body  length  and  head  width  were  mea- 
sured, respectively,  from  the  tip  of  the  nose 
to  the  tip  of  the  tail  and  at  the  widest  point 
on  the  head,  just  posterior  to  the  eyes. 

A  stepwise  multiple  regression  analysis  was 
used  to  derive  equations  relating  each  of  the 
three  parameters  (body  water,  body  fat,  and 
fat-free  dry  weight)  to  body  weight,  body 
length,  and  head  width. 

Fat-extracted  carcasses  were  ground  in  a 
Wiley  mill  and  samples  bombed  in  a  Parr 
adiabatic  bomb  calorimeter. 

Results  and  Discussion 

The  accuracy  of  predicting  body  water 
(Bh2o)  and  fat-free  dry  weight  (FFDW)  from 
three  variables  (body  weight,  body  length, 
and  head  width)  was  not  significantly  better 
than  that  from  body  weight  alone: 

(1)  Bh20  =  '^"•'18  +  0.5286  BW  r^  =  0.933 

(2)  FFDW  =  0.8149  -I-  0.2327  BW  r^  =  0.958 
Where  B^.^O'  FFDW  and  BW  are  in  grams 

The  equation  related  body  fat  (BF)  to  both 
weight  and  body  length  (BL)  and  the  highest 
revalue: 

(3)  BF  =  137.23  -I-  0.5342  BW  -  0.9488  BL    i^  =  0.853 
Where  BF  is  in  grams  and  BL  is  in  mm. 

The  coefficient  of  determination  (r-)  be- 
tween BF  and  body  weight  alone  was  0.645. 

The  mean  g-caloric  value  of  the  fat-free 
dry  carcasses  of  10  male  and  9  female  squir- 
rels was  4601  kcal/g  (SD  =  573)  and  4353 
kcal/g  (SD  =  824),  respectively.  The  total  ca- 
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Table  1.  Mean  fat  index  of  Uinta  i^round  squirrels  captured  in  Cache  County,  Utah. 
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Date 

of 

capture 

Mean  fat 

(Weight  of  fat/fat-free 

of 

index 

dry  weight)  ±  SD 

Juveniles 

Yearlings  and  adults 

Males 

Females 

Not  nursing 

Nursing 

5  June 

0.11  ±  .05 
N  =  9 

12  June 

0.04  ±  .(X) 

N  =  3 

0.11  ±  .03 
N  =  11 

0.23  ±  .00 

N  =  2 

0.09  ±  .06 

N  =  3 

4  July 

0.10  ±  .03 

N  =  2 

1.02  ±  .04 

N  =  3 

0.83 

N  =  1 

8  July 

0.12  ±  .09 

N  =  3 

.88  ±  .57 

N  =  5 

0.76  ±  .15 

N  =  2 

15  July 

0.22  ±  .12 
N  =  6 

28  July 

0.22  ±  .08 

N  =  7 

loric  value  (TCV  in  kcal)  of  a  Uinta  ground 
squirrel  can  be  estimated  from  its  body 
weight  and  body  length  from  Eq.  4. 

(4)  TCV  =  9.3  BF  +  FFDW 

X  (4601  for  males  or  4.3.53  for  females), 
where  BF  and  FFDW  are  computed  from  Eq.  3  and 
Eq.  2,  respectively. 

In  the  first  half  of  June  the  fat  index 
(weight  of  fat /fat-free  dry  weight)  for  year- 
ling and  adult  squirrels  and  juveniles  is  not 
significantly  different,  but  the  rate  of  fat  de- 
position within  the  next  30  days  is  about  five 
times  greater  among  yearlings  and  adults 
(Table  1),  which  normally  begin  to  enter  hi- 
bernation in  early  July. 

Fat  indices  of  males  and  females  in  my 
study  were  not  significantly  different,  but  the 
sample  sizes  are  probably  too  small  to  uncov- 
er any  real  differences.  In  mid-June  the  fat 
index  of  lactating  females  (x  =  .092;  SD  = 
.064)  was  significantly  lower  (t  =  3.83,  dF  = 


2;  p    =    0.06)  than  that  of  nonlactating  fe- 
males (x  =  .233;  SD  =  .002). 

The  body  water  index  (weight  of  body  wa- 
ter/weight of  fat-free  dry  weight)  for  juve- 
niles (x  =  3.80;  SD  =  0.102)  is  significantly 
greater  (t  =  12.99;  dF  =  20;  p<.001)  than 
for  yearlings  and  adults  (x  =  2.821;  SD  = 
0.275)  in  the  first  half  of  June,  and  remains 
higher  for  the  next  month. 
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FAT  DEPTH  AT  THE  XIPHOID  PROCESS-A  RAPID  INDEX  TO  DEER  CONDITION' 

Dennis  D.  Austin- 

Abstract.—  Measurement  of  the  fat  depth  adjacent  to  the  xiphoid  process  is  described  for  mule  deer.  The  index 
was  determined  sensitive  to  changes  in  physical  condition  of  hunter-harvested  mule  deer. 

Good  physical  condition  of  mule  deer 
{Odocoileus  hemionus)  in  fall  is  important  to 
winter  survival  and  optimal  reproduction  (Ju- 
lander  et  al.  1961,  Mautz  1978).  Fat  storage 
that  reflects  the  annual  nutritional  cycle 
(Wallmo  and  Regelin  1981)  peaks  in  fall  (An- 
derson et  al.  1972)  and  is  a  measure  of  sum- 
mer habitat  quality  (Kistner  et  al.  1980).  Al- 
though numerous  carcass  fat  measurements 
have  been  reported  (Anderson  1981),  most  re- 
quire internal  parts  (not  usually  available 
from  field-dressed  deer  at  checking  stations) 
and  laboratory  procedures  and  were  designed 
for  use  with  whole  carcasses.  At  checking  sta- 
tions, where  large  samples  can  be  collected, 
only  eviscerated  carcass  weight  and  sub- 
cutaneous fat  remain  obtainable  indexes.  Al- 
though relatively  few  deer  are  needed  for  ac- 
curate mean  eviscerated  carcass  weight 
(Anderson  et  al.  1972),  weight  appears  a  poor 
measure  of  condition  because  it  is  not  corre- 
lated with  other  fat  indexes  used  in  assess- 
ments (Anderson  et  al.  1969). 

Of  various  fat  deposits,  subcutaneous  fat  is 
deposited  last  and  used  first,  and  is  only 
found  on  deer  in  good  condition  (Harris 
1945).  Thus,  measurements  of  subcutaneous 
fat  should  be  taken  during  the  fall  when 
physical  condition  is  optimal  (Mautz  1978, 
Wallmo  and  Regelin  1981).  Measurement  of 
back  fat  has  been  reported  (Anderson  et  al. 
1972),  but  requires  skinning  considerable  por- 
tions of  the  rump.  Experience  in  Utah  has, 
understandably,  shown  most  hunters  unwill- 
ing to  cooperate.  Measurement  of  fat  at  the 
base  of  the  sternum,  which  is  often  cut  by 
hunters,  is  easy  and  presents  no  problem  with 
hunter  cooperation.  This  paper  reports  the 
use  of  this  technique  for  hunter-harvested 
deer  in  late  October. 


Fig.  1.  Slit  through  the  xiphoid  process  and  con- 
nective tissues. 

Methodology 

Eviscerated  carcasses  are  slit  to  the  base  of 
the  sternum  and  through  the  xiphoid  process 
(xiphisternum),  the  posterior  segment  of  the 
sternum  usually  being  less  than  5  cm  in 
length  (Fig.  1).  Fat  depth,  determined  with  a 
clear  rule  and  read  to  the  nearest  millimeter, 
is  measured  adjacent  and  perpendicular  to 
the  xiphoid  process  between  the  skin  and  the 
next  tissue  layer.  The  mean  depth  observed 
along  2-3  cm  of  the  slit  fat  strip  immediately 
below  the  junction  of  the  xiphoid  process  and 
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Fig.  2.— Measurement  of  fat  depth  adjacent  to  the 
xiphoid  process. 

the  sternum  is  recorded  (Fig.  2).  Often  a  thin 
layer  (<1.0  mm)  of  flesh  is  observed  between 
the  fat  layer  and  the  xiphoid  process  and 
marks  the  boundary  for  the  measurement.  On 
other  deer  the  cartilage  of  the  xiphoid  pro- 
cess is  the  boundary.  Occasionally  deer  in  ex- 
cellent condition  have  two  or  three  layers  of 
fat  and  flesh.  Layering  is  uncommon,  how- 
ever, and  only  the  outer  layer  of  fat  is  mea- 
siu-ed.  Usually,  fewer  than  30  seconds  is  re- 
quired for  individual  measurements. 

Carcasses  previously  cut  through  the  xi- 
phoid process  are  more  difficult  to  measure 
because  of  bloody  coloration,  dirt,  tissue  sep- 
aration, expansion  and  dehydration,  and  diffi- 
culty in  determining  the  fat  segment  corre- 
sponding to  the  xiphoid  process. 
Nevertheless,  the  measurement  is  essentially 
the  same  with  a  fresh  cut  made  across  the  fat 
layer  to  aid  accuracy.  It  should  be  noted  that, 
because  of  these  difficulties,  many  such  deer 
cannot  be  measured  accurately  and  are  ex- 
cluded from  the  sample. 


Measurement  Precision 

Measurement  variation  of  different  in- 
vestigators was  determined  using  eight 
trained  personnel  at  a  checking  station.  Fat 
depths  of  25  deer  ranging  in  age  from  V2  to 
4V2  years  were  measured.  The  xiphoid  process 
and  fat  layer  were  cut  only  once  and  each 
observer  measured  the  cut  strip  with  individ- 
ual rules.  To  eliminate  between-observer 
bias,  hand  signals  rather  than  vocal  commu- 
nication were  used  to  relay  measurements  to 
the  person  recording.  Results  showed  high 
precision  for  mean  fat  depths  ranging  from  1 
to  10  mm,  with  23  of  25  deer  having  standard 
deviations  of  less  than  1.0  mm  (Table  1).  The 
2-3-cm  long  fat  strip  in  most  deer  is  quite 
uniform  in  thickness.  Occasionally,  however, 
this  strip  is  wedge  shaped  and  varies  several 
millimeters,  as  with  deer  19  (Table  1),  where 
the  strip  varied  5-12  mm.  In  such  cases  the 
mean  is  more  difficult  to  determine. 

During  1981  and  1982  two  checking  sta- 
tions were  run  simultaneously  at  nearby  loca- 
tions. Deer  checked  at  the  stations  were  har- 
vested from  the  same  areas  and  herd  (Utah 
deer  unit  13— Vernon),  and  no  differences 
would  be  expected  between  samples.  Fat 
depths  were  measured  by  2-3  observers  at 
each  station  on  bucks  whose  ages  were  deter- 
mined on-site  to  be  yearling,  2V2,  or  3V2-I- 
years.  Results  showed  no  significant  differ- 
ences (P<.05)  between  sites  within  age  class- 
es (Table  2).  Indeed,  with  good  sample  num- 
bers in  the  yearling  age  class,  differences  in 
mean  depths  between  sites  were  less  than  .4 
and  .1  mm  for  1981  and  1982,  respectively. 


Variability  in  Deposition 

Variability  in  fat  deposition  within  age 
classes  increased  with  animal  age  (Table  3). 
For  yearling  bucks  a  mean  standard  deviation 
of  2.5  mm  was  determined,  increasing  to  2.7 
mm  for  deer  2V2  years,  and  3.1  mm  for  older 
deer.  Even  though  mean  fat  depth  exhibited 
considerable  change  between  years,  the  vari- 
ability of  the  index  showed  little  fluctuation, 
particularly  in  the  yearling  age  class.  At  90 
percent  probability  of  detecting  differences 
(P<.05)  between  yearling  age  groups  differ- 
ing in  fat  depth  by  1  mm,  a  sample  size  of 
about  55  is  needed,  and  by  2  mm  about  15. 
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Table  1.  Variability  of  fat  depth  measurements  (mm)  between  eight  observers. 


Deer  No. 


Sex 


Age  (years) 


Mean 


Range 


SD 


1 
2 
3 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


M 

11/2 

M 

l>/2 

F 

P^ 

M 

m 

F 

31/2 

M 

m 

M 

m 

M 

m 

M 

PA 

M 

11/2 

M 

m 

M 

m 

M 

m 

M 

2V2 

M 

H/2 

M 

11/2 

M 

11/2 

M 

1/2 

M 

11/2 

M 

2V2 

M 

i^k 

M 

m 

M 

VA 

M 

l'/2 

F 

3'/2 

7.25 

6-8 

0.71 

4.75 

4-5 

0.46 

5.63 

5-6 

0.52 

5.88 

5-7 

0.64 

8.38 

7-9 

0.74 

6.88 

6-8 

0.64 

4.88 

4-5 

0.35 

1.13 

1-2 

0.35 

7.63 

6-9 

1.15 

4.38 

4-5 

0.52 

7.38 

6-8 

0.74 

7.00 

6-8 

0.76 

4.50 

4-5 

0.53 

9.63 

9-10 

0.52 

5.13 

5-6 

0.35 

9.00 

8-10 

0.76 

5.88 

5-8 

0.99 

1.75 

1-2 

0.46 

8.63 

6-11 

1.60 

9.63 

9-10 

0.52 

2.13 

2-3 

0.35 

4.50 

4-5 

0.53 

1.00 

1 

0 

2.25 

2-3 

0.46 

3.25 

2-4 

0.89 

Generally,  significant  differences  (P<.05) 
in  fat  depth  occurred  between  age  classes 
(Table  3).  In  all  comparisons,  yearlings  and 
older  deer  were  different  and,  in  four  of  five 
comparisons,  yearlings  were  different  from 
deer  2^2  years  of  age.  In  only  three  of  five 
comparisons  were  deer  2V2  and  3V2+  years 
different.  It  would  be  expected,  with  ade- 
quate sample  sizes,  that  most,  if  not  all,  age 
classes  would  differ  significantly. 

Changes  in  fat  deposition  between  years 
(Table  3)  were  found  to  be  significant  for 
yearlings  (P<.05).  Fall  1980  was  an  excep- 
tional year  for  fall  forage,  especially  berry 
production,  and  was  reflected  in  increased  fat 
deposition  that  was  significantly  (P<.05) 
greater  than  that  in  1981,  a  poor  forage  year. 
Differences   (P<.05)   were   also   determined 


between  deer  units  (Table  3).  Deer  unit  13, 
with  limited  high-quality  summer  range,  pro- 
duced yearling  deer  having  considerably  less 
subcutaneous  fat  than  deer  from  unit  23B 
(Current  Creek),  where  summer  range  is 
extensive. 

Discussion  and  Application 

The  increased  variability  of  fat  deposition 
of  buck  deer  older  than  yearlings  and  the  dif- 
ficulty in  obtaining  those  samples  suggests 
the  technique  be  directed  primarily  to  year- 
lings. A  suggested  rating  scale  for  yearling 
bucks  is  0-2  mm  fat  depth  as  poor  physical 
condition,  2-4  mm  as  fair,  4-6  mm  as  good, 
6-8  mm  as  very  good,  and  8-1-  mm  as  excel- 
lent. Measurements  taken  on  does  and  fawns 


Table  2.  Variability  of  fat  depth  measurements  (mm)  on  buck  deer  taken  from  two  sites  on  Utah  deer  unit  13 
(Vernon).' 


1981 

1982 

Sitel 

Site  2 

Sitel 

Site  2 

Age 

N 

X 

SD 

N 

X 

SD 

N 

X 

SD 

N 

X 

SD 

11/2 

100 

3.6 

2.3 

51 

4.0 

2.9 

51 

4.9 

2.0 

36 

5.0 

2.6 

21^ 

9 

6.3 

2.3 

13 

7.5 

2.5 

6 

5.2 

3.2 

6 

7.0 

4.3 

3'/4  + 

8 

7.8 

3.4 

5 

9.6 

2.6 

2 

14.0 

1.4 

0 

- 

- 

'No  significant  differences  (P<.05)  between  sites  within  age  classes  were  found. 
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Table  3.  Fat  depth  (mm)  of  buck  deer  by  age  class. 


Utah  deer  unit  13  (Vernon) 


1980 


1981 


Utah  deer  unit  23B  (Current  Creek) 


1980 


1981 


1982 


Age 

N 

X 

SD 

N 

X 

SD 

N 

X 

SD 

VA 

41 

5.3^""' 

2.6 

151 

37aox 

2.5 

85 

5.0*"" 

2.2 

2'/2 

6 

10.7''" 

2.5 

22 

7()bnx 

2.4 

12 

gjaox 

.3.7 

3'^  + 

10 

W.S'^"" 

3.6 

13 

8.5''°" 

3.1 

2 

140bnx 

1.4 

1982 


Age 

N 

X 

SD 

N 

X 

SD 

N 

X 

SD 

PA 

23 

ygany 

2.8 

85 

eOaoy 

2.5 

69 

50aoy 

2.7 

2'/^ 

no  data 

5 

g  ^bny 

2.1 

6 

gQbnx 

2.8 

31/2  + 

5 

15.6''"" 

5.4 

11 

14.0bny 

4.6 

4 

14.0«"" 

6.3 

'Differences  (P<.05)  between  age  classes  within  years  and  units  are  denoted  by  letters  a,b,c;  differences  between  years  within  age  classes  and  units  are 
indicated  by  letters  n,o;  and  differences  between  units  within  years  and  age  classes  are  indicated  by  letters  x,y. 


would  also  be  expected  to  yield  good  results 
where  samples  are  adequate.  Moreover, 
sample  sizes  for  does  and  fawns  may  be 
smaller  than  those  needed  for  bucks  because 
of  the  nonsynchronous  rutting  behavior  that 
increases  fat  depth  variability  of  bucks  (Kist- 
ner  et  al.  1980). 

Use  of  this  index  could  detect  annual 
changes  in  late  summer-fall  forage  conditions 
as  they  affect  the  deer  population's  physical 
condition.  Differences  between  imits  could 
serve  as  a  comparison  for  adequacy  of  sum- 
mer ranges.  Fluctuations  in  the  deer  popu- 
lation and  corresponding  changes  in  fat  depo- 
sition could  be  correlated  with  the  forage 
resource,  thereby  providing  a  measure  of  bal- 
ance between  population  size  and  forage  re- 
sources. Data  could  also  be  used  to  adjust 
harvest  and  to  avoid  possible  excessive  winter 
losses  during  years  when  physical  condition 
in  fall  is  determined  to  be  poor  and  popu- 
lation is  high. 
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SHRUB  RESEARCH  CONSORTIUM  FORMED 

Arthur  R.  Tiedemann' 


The  Forest  Service's  Intermountain  Forest  and  Range 
Experiment  Station,  the  Utah  Division  of  Wildhfe  Re- 
sources, Brigham  Young  University,  and  Utah  State  Uni- 
versity announce  the  formation  of  a  Shrub  Research 
Consortium.  Formed  to  promote,  support,  and  coordi- 
nate programs  of  research  and  associated  graduate  edu- 
cation, the  consortium  will  be  located  at  the  Shrub  Sci- 
ences Laboratory,  735  North  500  East,  Provo,  Utah 
84601.  Activities  will  relate  to  (1)  improvement  and  de- 
velopment of  shnib  plant  materials;  (2)  methods  of  seed- 
ing, planting,  cvilturing,  and  managing  shrubs  in  natural 
settings;  and  (3)  assisting  where  feasible  with  publishing 
and  disseminating  research  results. 

Specific  goals  of  the  consortium  are: 

1.  Develop  a  program  consisting  of  statements  of  re- 
search needs  and  priorities  and  current  studies  aimed  at 
meeting  those  needs.  The  consortium  may  determine 
and  set  objectives,  priorities,  and  guidelines  for  studies. 


based  on  interpretation  of  need,  available  fimds,  capabil- 
ities of  institutions  and  personnel,  and  other  work  under 
way  within  or  outside  the  consortium.  Principal  areas  of 
shrub  research  will  include,  but  will  not  be  limited  to: 
ecology,  genetics,  pathology,  entomology,  soils,  hydrol- 
ogy, wildlife  habitat,  and  livestock  grazing. 

2.  Encourage  proposals  to  conduct  research  from 
both  member  and  nonmeniber  institutions  desiring  to 
participate  and  capable  of  contributing  appropriately  to 
solving  problems  selected  for  study. 

3.  Arrange  for  printing  and  distributing  publications 
and  reports. 

4.  Sponsor  seminars,  conferences,  symposia,  and  other 
meetings  to  coordinate  research  on  wildland  shrubs  and 
to  disseminate  research  results. 

Applications  for  membership  from   organizations  in- 
volved in  wildland  shrub  research  are  encouraged. 
For  further  information,  contact  the  author. 


'Shrub  Sciences  Laboratory,  Intermountain  Forest  and  Range  Experiment  Station,  735  North  500  East,  Provo,  Utah  84601. 
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UTAH  FLORA:  CHENOPODIACEAE 

Stanley  L.  Welsh' 


.\bstr,\ct.—  The  Chenopodiaceae  for  Utah  are  revised.  Descriptions  of  the  family  and  of  its  genera  and  species  are 
included.  Keys  to  the  genera,  species,  and  infraspecific  taxa  are  provided,  along  with  pertinent  discussion.  Treated 
are  18  genera,  56  species,  and  1.3  infraspecific  taxa.  Newly  described  taxa  are  Atriplex  canescens  (Pursh)  Nutt.  var. 
gigantea  WeLsh  &  Stutz,  Ceratoides  lanata  (Pursh)  J.  T.  Howell  var.  ntinina  Welsh,  and  Chenopodiiim  capitatum  (L.) 
Asch.  var.  panicapitatum  Welsh.  New  nomenclatural  combinations  are;  Atriplex  canescens  (Pursh)  Nutt.  var.  occi- 
dentalis  (Torr.  &  Frem.)  Welsh  &  Stutz;  Atriplex  gardneri  (Moq.)  D.  Dietr.  —  var.  honnevillensis  (C.  A.  Hanson) 
Welsh,  var.  cuneata  (A.  Nels.)  Welsh,  var.  falcata  (Jones)  Welsh,  and  var.  tvelshii  (C.  A.  Hanson)  Welsh;  Atriplex  pa- 
tula  L.  var.  triangularis  (Willd.)  Thorne  &  Welsh;  Atriplex  saccaria  Wats.  var.  caput-medusae  (Eastw.)  Welsh;  Zuckia 
brandegei  (Gray)  Welsh  &  Stutz,  and  JAickia  brandegei  var.  arizonica  (Standi.)  Welsh. 


Members  of  the  Chenopodiaceae  have  long 
been  regarded  as  taxonomically  troublesome. 
Reasons  for  the  difficulties  involve  reduction 
and  simplification  of  floral  parts  leading  to 
use  of  features  of  fruit,  bracts,  vegetative 
characters,  and,  more  recently,  phytoche- 
mistry  as  diagnostic  tools.  Problems  are  com- 
pounded due  to  introduction  of  many  of  the 
species  from  the  Old  World.  Both  taxonomic 
and  nomenclatural  difficulties  occur  within 
the  taxa  in  the  Old  World,  the  plants  having 
proved  to  be  only  somewhat  less  perplexing 
to  Eurasian  taxonomists  than  to  American 
ones.  Once  introduced  into  the  New  World, 
the  problems  of  adequate  taxonomy  and  no- 
menclature are  made  more  difficult  because 
of  lack  of  adequate  specimens  for  com- 
parison. Often  literature  is  not  available  to 
make  valid  judgements,  or  is  difficult  to  use 
because  of  language  barriers.  Only  portions 
of  the  total  variability  of  Old  World  taxa  are 
introduced,  and  our  view  of  morphological 


limits  of  the  taxa  differs  from  that  held  by 
taxonomists  working  with  them  in  their  home 
environments.  Some  indigenous  taxa  are 
made  problematical  by  having  Old  World 
counterparts,  from  which  they  are  segregated 
by  diagnostic  features  that  might  be  negle- 
gible.  Nomenclatural  decisions  are  based  on 
determinations  made  initially  in  Europe, 
some  more  than  a  century  ago.  Compilation 
and  correlation  of  all  data  available  often 
does  not  lead  to  clarification  of  taxonomic 
limits.  Additionally,  hybridization  is  known 
to  occur  in  many  indigenous  taxa  (e.g.,  the 
gardneri  complex  of  Atriplex). 

Plants  of  the  Chenopodiaceae  are  of  vast 
ecological  importance  due  to  their  ablity  to 
occupy  saline  or  alkaline  substrates.  Lands 
with  such  substrates  are  abundant  in  Utah. 
The  saline  substrates  of  valley  bottoms,  ba- 
jadas,  alluvial  fans,  and  of  many  geological 
strata  are  sources  of  plants  that  are  important 
for  use  by  grazing  and  browsing  animals,  es- 
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pecially  in  autumn,  winter,  and  early  spring. 
Chenopods  are  often  principal  components, 
and  many  of  them  are  utilized  by  sheep, 
cattle,  horses,  other  domestic  livestock,  and 
wildlife.  Perennial  species  oi  Atriplex,  usually 
referred  to  as  saltbush,  are  especially  impor- 
tant browse  plants  on  wildland  ranges  in 
Utah.  The  lambsquarter  or  pigweed,  Cheno- 
podiitm  album,  is  a  serious  weed  of  gardens 
but  is  not  confined  to  them.  Russian  thistle 
and  halogeton  are  weedy  species  that  occupy 
disturbed  sites  similar  to  those  supporting  the 
cheatgrass,  Bromus  tectoriim  L.  Both  are  used 
for  food,  supplementally,  on  winter  grazing 
areas  by  sheep  and  by  cattle.  However,  ha- 
logeton contains  high  concentrations  of  oxa- 
lates, which,  when  eaten  in  quantity,  result  in 
calcium  shock  and  subsequent  death.  Serious 
losses  of  sheep  have  occurred  since  in- 
troduction of  this  attractive  annual  in  the 
1930s  in  Nevada.  Greasewood  is  also  a  poten- 
tial oxalate  poisoner,  but  is  eaten,  especially 
by  cattle,  in  some  years  without  apparent 
harm.  Annual  species  of  Chenopodium  and 
Atriplex  can  become  poisonous  through  accu- 
mulation of  nitrates  in  heavily  fertilized  cul- 
tivated lands. 

In  Utah  the  family  consists  of  18  genera  (6 
entirely  introduced,  and  3  with  both  New 
and  Old  World  representatives),  56  species. 


and  13  varieties.  Eighteen  (or  26  percent)  of 
the  taxa  (all  of  them  species)  are  introduced. 
This  is  a  high  proportion  of  introductions, 
much  higher  than  for  most  families  of  com- 
parable or  larger  size.  Because  of  the  abun- 
dance of  saline  habitats  in  Utah,  many  more 
introductions  from  elsewhere  in  the  world 
should  be  expected. 

Many  of  the  species  change  colors  in  au- 
tumn, taking  on  themselves  hues  of  red,  red- 
orange,  or  purple,  resulting  in  a  subtle  dis- 
play of  great  beauty.  The  drab  appearance  of 
the  growing  season  gives  way  to  a  pleasing 
glow,  especially  when  viewed  in  early  morn- 
ing or  evening  light. 

Chenopodiaceae 

Goosefoot  Family 

Herbs,  subshrubs,  or  shrubs,  often  succu- 
lent or  scurfy;  leaves  simple,  alternate  or  op- 
posite, estipulate;  flowers  inconspicuous, 
monoecious,  dioecious,  polygamous,  or  per- 
fect; calyx  persistent,  1-  to  5-lobed,  enclosing 
the  fruit,  or  lacking  in  some  pistillate  flowers; 
corolla  none;  stamens  opposite  the  calyx 
lobes  and  as  many  or  fewer;  pistil  with  1-3 
stigmas,  1-loculed  and  1-ovuled;  fruit  a 
utricle. 


1.  Leaves  scalelike;  stems  fleshy;  plants  of  saline  pans  and  other  salty  sites  2 

—  Leaves   well   developed,   not   scalelike;   stems   not   fleshy;   plants   of   various 
habitats 3 

2(1).         Leaves  alternate;  plants  woody  at  the  base,  mainly  3-8  dm  tall  Allenrolfea 

—  Leaves  opposite;  plants  herbaceous,  mainly  0.5-3  dm  tall Salicornia 

3(1).         Leaves  opposite,  united  at  the  base;  sepals  strongly  imbricate,  scarcely  united, 

chartaceous;  plants  rare  in  western  Utah  Nitrophila 

—  Leaves  alternate  or  rarely  some  opposite;  sepals  slightly  if  at  all  imbricate, 
herbaceous 4 

4(2).         Leaves  or  bracts  of  inflorescence  tipped  with  a  spine  or  a  spinehke  bristle  5 

—  Leaves  and  floral  bracts  not  bristle  or  spine  tipped  6 

5(4).         Leaves   linear   to   subulate;    bracts   of   inflorescence   ovate-lanceolate,    spine 

tipped;  fruiting  sepals  winged  on  the  back;  flowers  not  embedded  in  hair Salsola 

—  Leaves  sausagelike,  abruptly  spine  tipped;  bracts  of  inflorescence  not  different 
from  the  leaves;  sepals  ending  in  wings;  flowers  embedded  in  hair Halogeton 

6(4).         Leaves  sub-  or  semicylindric  to  linear,  usually  fleshy  7 

—  Leaves  with  flattened  blades,  not  especially  fleshy 9 
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7(6).         Shrubs,  armed  with  thorny  branchlets;  staminate  flowers  in  spikes,  the 

pistillate  flowers  solitary  and  axillary  Sarcobatiis 

—  Shrubs  or  herbs,  not  armed;  flowers  perfect  or  both  perfect  and  pistillate 8 

8(7).         Herbage  villous-tomentose;  plants  low  subshrubs  Kochia 

—  Herbage  glabrous  and  glaucous,  or  puberulent;  plants  annual  or  perennial,  or  if 
subshrubs  then  tall Suaeda 

9(6).         Plants  densely  white-hairy  with  at  least  some  dendritic  hairs,  these  becoming 

golden  brown  in  age;  shrubs  of  broad  distribution Ceratoides 

—  Plants  variously  hairy  or  glabrous,  but  not  as  above;  shrubs  or  herbs  of  various 
distribution  10 

10(9).       Flowers  imperfect,  the  pistillate  enclosed  in  2  accrescent  or  connate  bracts  11 

—  Flowers  perfect  or  some  also  pistillate,  all  with  sepals  and  not  enclosed  by 
paired  bracts  14 

11(10).     Stigmas  4  or  5;  plants  green,  cultivated  potherbs Spinacia 

—  Stigmas  2;  plants  green,  grayish,  or  yellow-green,  not  or  seldom  cultivated  12 

12(11).  Bracts  dorsally  compressed,  variously  tuberculate,  smooth,  or  winged;  pub- 
escence of  inflated  hairs  or  none;  plants  shrubs  or  perennial  or  annual  herbs; 
axillary  rounded  buds  lacking Atriplex 

—  Bracts  laterally  compressed  or  6-  to  8-ribbed,  lacking  appendages;  pubescence 

of  simple  or  branched  hairs;  plants  shrubby;  axillary  rounded  buds  present 13 

13(12).     Shmbs  with  divaricate  often  thorny  branches;  bracts  with  margins  thickened, 

spongy  within;  pubescence  of  branched  hairs Grayia 

—  Shrubs  with  erect  nonthorny  branches;  bracts  with  margins  not  spongy 
thickened,  either  obcompressed  or  dorsiventrally  compressed  and  6-ribbed; 
pubescence  of  scurfy  or  moniliform  hairs Zitckia 

14(10).     Plants  more  or  less  tomentulous;  calyx  transversely  winged  in  fruit Cycloloma 

—  Plants  glabrous,  scurfy,  pilose,  or  otherwise  pubescent,  but  not  or  seldom  as 
above;  calyx  not  transversely  winged  in  fruit,  except  in  Kochia  (q.v.),  and  then 

not  tomentulous 15 

15(14).     Perianth  developing  conspicuous  horizontal,  scarious  wings  or  armed  with 

curved  or  uncinate  spines 16 

—  Perianth  lobes  rounded  or  keeled  on  the  back,  lacking  wings  or  spines 17 

16(15).     Perianth  developing  conspicuous,  horizontal,  scarious  wings Kochia 

—  Perianth  with  lobes  each  armed  with  a  curved  or  uncinate  spine Bassia 

17(15).     Calyx  becoming  woody  in  age;  ovary  partly  inferior;  plants  cultivated,  rarely 

escaping Beta 

—  Calyx  not  woody;  ovary  superior;  plants  not  or  seldom  cultivated 18 

18(17).     Calyx  lobes  5,  largely  concealing  to  exposing  the  fruit;  stamens  usually  5; 

herbage  glabrous  or  scurfy Chenopodium 

—  Calyx  lobes  1-3,  the  fruit  largely  exposed;  stamens  1-3;  plants  not  scurfy 19 

19(18).  Leaves  hastately  lobed  or  if  entire  4-12  mm  long,  the  blades  mainly  2-8  mm 
broad  or  more;  calyx  1-lobed;  stamens  1;  plants  widespread,  of  many  habitats  ... 
Monolepis 

—  Leaves  linear,  0.8-6  cm  long,  entire,  1-2  mm  wide;  calyx  1-  to  3-lobed; 
stamens  1-3;  plants  of  sandy,  low-elevation  sites Corispermum 
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Allenrolfea  Kuntze 

Succulent,  glabrous  subshrubs  or  shrubs; 
branches  alternate,  jointed;  leaves  reduced  to 
fleshy  scales,  alternate;  flowers  perfect,  ses- 
sile, borne  spirally  in  3s  or  5s  in  axils  of  pel- 
tate bracts,  arranged  in  cylindrical  erect 
spikes;  sepals  reduced,  4-  to  5-lobed;  stamens 
1  or  2,  exserted;  stigmas  2  or  3;  utricle  ovoid, 
flattened,  the  pericarp  free,  membranous. 

Allenrolfea  occidentalis  (Wats.)  Kuntze 
Iodine  Bush.  [Halostachys  occidentalis  Wats., 
type  from  Raft  River  Valley].  Plants  mainly 
3-8(12)  dm  tall,  woody  at  least  below, 
glabrous  and  more  or  less  glaucous;  stems 
constricted  at  the  nodes,  fleshy;  leaves  very 
short,  obtusely  triangular;  spikes  6-30  mm 
long;  calyx  enclosing  the  fruit;  seeds  brown. 
Saline  and  alkaline  pans,  springs,  and  seeps, 
and  in  other  saline  sites,  often  with  saltgrass, 
samphire,  seepweed,  and  other  halophytes,  at 
1380  to  1620  m  in  Beaver,  Box  Elder,  Emery, 
Grand,  Iron,  Juab,  Millard,  Salt  Lake,  Tooele, 
Utah,  and  Wayne  counties;  Oregon  and 
Idaho,  south  to  California,  Arizona,  Texas, 
and  Mexico;  25  (iv).  The  plants  accommodate 
high  soil  salinity  by  including  salt  within  the 
protoplast,  giving  the  plant  a  salty  flavor.  Be- 
cause of  its  salty  flavor  the  plants  are  often 
referred  to  as  "pickleweed." 


Atriplex  L. 

Monoecious  or  dioecious  herbs  or  shrubs, 
often  with  scurfy  (mealy)  collapsed  hairs; 
leaves  alternate  or  opposite;  flowers  small, 
inconspicuous,  borne  in  axillary  clusters, 
glomerules,  or  in  spicate  panicles;  staminate 
flowers  with  3-  to  5-parted  calyx,  bractless, 
with  3-5  stamens;  pistillate  flowers  without  a 
perianth  and  the  pistil  naked  or  rarely  with  a 
perianth,  commonly  enclosed  within  a  pair  of 
foliaceous  bracts,  enlarged  in  fruit,  variously 
thickened  and  appendaged;  styles  2;  utricle 
with  the  pericarp  free;  seeds  flattened, 
mainly  erect.  The  genus  is  complex  both  tax- 
onomically  and  nomenclaturally.  It  consists 
of  native  and  introduced  herbs  and  shrubs. 
Indigenous  shrubby  species  form  hybrids  with 
all  or  most  of  their  constituent  taxa,  wher- 
ever they  come  in  contact.  The  resulting 
plasticity  allows  these  remarkable  plants  to 
occupy  numerous  habitats,  but  poses  prob- 
lems that  preclude  a  "neat"  taxonomic  treat- 
ment. The  following  keys  are  tentative  at 
best. 

Hanson,  C.  A.  1962.  Perennial  Atriplex  of  Utah  and  the 
northern  deserts.  Unpublished  thesis.  Brighani 
Young  Univ.  133  pp. 
Thor.ne,  K.  H.  1977.  A  revision  of  the  herbaceous  mem- 
bers of  the  genus  Atriplex  (Chenopodiaceae)  for 
the  state  of  Utah.  Unpublished  thesis.  Brigham 
Young  Univ.  78  pp. 


Plants  herbaceous  annuals Key  I. 

Plants  woody,  at  least  below,  perennial Key  II. 


Key  I. 


Plants  herbaceous  annuals. 

1.  Seeds  of  2  types,  black  and  brown;  plants  mainly  introduced  2 

—  Seeds  all  alike,  either  black  or  brown;  plants  indigenous 5 

2(1).         Fruiting  bracts  orbicular  or  nearly  so,  the  dorsal  surfaces  smooth,  entire 3 

—  Fruiting  bracts  triangular  to  ovate  or  rhombic,   the  dorsal   surfaces  usually 
tubercled,  denticulate  to  entire  4 

3(2).         Black  seeds  horizontal,  enclosed  in  a  membranous  calyx;  brown  seeds  vertical 

between  very  large  bracts  A.  hortensis 

—  Black  seeds  vertical  between  small  bracts;  brown  seeds  vertical  between  large 
bracts  A.  heterosperma 

4(2).         Lowermost  leaves  ovate,  dentate,  sessile  or  short-petiolate  A.  rosea 

—  Lowermost  leaves  lanceolate,  rhombic,  triangular,  or  hastate,  dentate  or  entire, 
petiolate A.  patula 
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5(1).         Plants  dioecious,  widely  distributed  in  eastern  Utah,  rarely  elsewhere A.  powellii 

—  Plants  monoecious,  of  various  distribution  6 

6(5).         Fniiting  bracts  orbicular  or  nearly  so,  the  margins  denticulate  to  lacerate; 

plants  of  Washington  County A.  elegans 

—  Fruiting  bracts  various  in  outline,  but,  if  orbicular,  the  margins  entire  and 
seldom  if  ever  in  Washington  County 7 

7(6).         Lower  leaves  linear  to  lanceolate,  sessile,  not  over  2.5  cm  long A.  wolfii 

—  Lower  leaves  rhombic,  deltoid,  or  cordate,  usually  at  least  some  petiolate 8 

8(7).  Fruiting  bracts  all  stipitate,  or  some  of  them  sessile  to  subsessile,  when  stipitate 
usually  prominently  tvibercled;  plants  forming  low,  rounded  clumps  on  saline 
substrates  in  eastern  Utah  A.  saccaria 

—  Fruiting  bracts  all  sessile  or  subsessile,  variously  tubercled  or,  if  stipitate,  as  in 
A.  graciliflora,  the  surfaces  smooth;  plants  slender  or  clump  forming,  variously 
distributed  9 

9(8).         Fruiting  bracts  truncate  and  with  3  minute  teeth  apically;  upper  leaves  sessile  . 

A.  truncata 

—  Fruiting  bracts  not  truncate  apically;  upper  leaves  petiolate  or  subsessile 10 

10(9).       Fruiting  bracts  with  margins  dentate,  foliaceous  well  below  the  apex,  the 

surfaces  sometimes  with  appendages A.  argentea 

—  Fruiting  bracts  samaralike,  orbicular,  with  a  winged  entire  margin  surrounding 

the  seed;  surfaces  smooth  A.  graciliflora 

Key  II. 

Plants  woody,  at  least  below,  perennial. 

1.  Leaves  dentate  (at  least  some);  plants  of  Washington  County 2 

—  Leaves  entire;  plants  of  various  distribution  3 

2(1).         Plants  monoecious;  leaves  green,  ovate,  irregularly  and  shortly  dentate;  weedy 

species  near  St.  George  A.  semibaccata 

—  Plants  dioecious;  leaves  silvery  white,  orbicular,  definitely  and  coarsely 
toothed;  indigenous A.  hijmenelytra 

3(1).         Leaf  blades  subhastate;  shrubs  to  30  dm  tall;  plants  of  Washington  County  4 

—  Leaf  blades  attenuate  to  rounded  basally;  shrubs  mainly  less  than  2  m  tall; 
plants  of  various  distribution 5 

4(3).         Branchlets  terete  A.  lentiformis 

—  Branchlets  angled  A.  torreyi 

5(3).         Bracts  with  4  lateral  wings  or  4  rows  of  teeth;  plants  unarmed  6 

—  Bracts  without  lateral  wings,  merely  tuberculate  or  smooth  dorsally;  plants 
sometimes  thorny 8 

6(5).         Leaves  more  than  8  mm  wide;  bract  tip  with  or  without  lateral  teeth;  canyons 

of  the  Colorado A.  garrettii 

—  Leaves  less  than  8  mm  wide;  bract  tip  without  lateral  teeth;  distribution 
various 7 
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7(6).  Bracts  more  than  9  mm  wide,  with  tips  not  exceeding  the  wings;  staminate 

flowers  yellow;  shrubs  to  2  m  tall,  widely  distributed A.  canescens 

—  Bracts  less  than  9  mm  wide,  with  tips  exceeding  the  wings;  staminate  flowers 
mostly  brown;  plants  mainly  5-10  dm  tall,  of  playas  in  western  Utah  A.  gardneri 

8(5).         Plants  with  thorny  branches;  bracts  foliose,  united  only  basally,  the  surfaces 

smooth;  staminate  flowers  yellow;  widely  distributed  A.  confertifolia 

—  Plants  lacking  thorny  branches;  bracts  not  foliose,  at  least  one-third  united  and 

the  surfaces  with  appendages;  staminate  flowers  yellow  or  brown 9 

9(8).         Leaves  2-4  mm  wide;  bracts  with  appendages  on  lower  one-third;  staminate 
flower* 
in  spikes;  plants  prostrate  A.  corrugata 

—  Leaves  often  more  than  4  mm  wide;  bracts  with  appendages  various;  staminate 
flowers  mainly  in  panicles;  plants  not  or  seldom  prostrate  10 

10(9).       Leaves  oblong-ovate   to  orbicular,   more  than   10  mm   wide,   the   lowermost 

alternate;  staminate  glomerules  very  numerous;  plants  of  San  Juan  County  

A.  obovata 

—  Leaves  linear  to  oblong,  mainly  less  than  10  mm  wide,  or,  if  wider,  the  lower- 
most opposite;  staminate  glomerules  merely  numerous;  plants  of  Great  Basin 

and  northern  Colorado  River  drainage,  less  commonly  in  San  Juan  County  

A.  gardneri 


Atriplex  argentea  Nutt.  Silver  Orach.  [A. 
njdbergii  Standley,  type  from  south  of  Moab]. 
Plants  annual,  monoecious;  stems  simple  or 
freely  branched;  leaves  petiolate  or  the  up- 
per ones  subsessile,  the  blades  0.5-6  cm  long, 
0.4-5  cm  wide,  lance-ovate,  lanceolate,  del- 
toid, or  cordate,  nincinate  to  subhastate  ba- 
sally, obtuse  to  acute  apically,  entire  or  es- 
sentially so,  scurfy  (glabrous);  staminate 
flowers  with  5-parted  calyx;  fruiting  bracts 
sessile,  or  subsessile,  4-5  mm  long,  4-10  mm 
wide,  the  margin  foliaceous  below  the  apex, 
dentate  to  laciniate,  the  face  smooth,  tu- 
bercled,  or  crested;  seeds  ca  2  mm  wide, 
brown.  2n  =  18.  Mat-atriplex,  shadscale,  and 
greasewood  commimities  at  1125  to  1770  m 
in  Duchesne,  Emery,  Kane,  Rich,  San  Juan, 
Salt  Lake  (?),  Sevier,  Summit,  and  Uintah 
counties;  widespread  in  western  U.S.  and 
Mexico;  20  (0). 

Atriplex  canescens  (Pursh)  Nutt.  Four- 
wing  Saltbush.  [Calligonum  canescens  Pursh]. 
Dioecious  or  rarely  monoecious  shrubs, 
mainly  8-20  din  tall,  not  especially  armed; 
leaves  persistent,  alternate,  sessile  or  nearly 
so,  10-40  mm  long,  2-8  mm  wide,  linear  to 
oblanceolate,  oblong,  or  obovate,  entire,  re- 
fuse to  obtuse  apically;  staminate  flowers  yel- 
low (rarely  brown),  in  clusters  2-3  mm  wide, 
in  panicles;  pistillate  flowers  borne  in  pan- 


icles 5-40  cm  long;  fruiting  bracts  9-25  mm 
long  and  as  wide,  on  pedicels  1-8  mm  long, 
with  4  prominent  wings  extending  the  bract 
length,  united  throughout;  surface  of  wings 
and  body  smooth  or  reticulate;  wings  dentate 
to  entire;  apex  toothed;  seeds  1.5-2.5  mm 
wide;  2n=18,  36,  or  higher.  Sandy,  com- 
monly non  saline,  sites  in  Joshua  tree,  black- 
brush,  greasewood,  salt  desert  shrub,  sage- 
brush, mountain  brush,  and  pinyon-juniper 
communities  at  670  to  2380  m,  known  in  all 
Utah  counties  except  Cache,  Morgan,  Rich, 
Wasatch,  and  Weber;  Washington  to  Alberta 
and  South  Dakota,  south  to  Mexico  and 
Texas;  199  (xxiv).  This  species  forms  hybrids 
with  A.  confertifolia  and  A.  gardneri  varieties 
(see  var.  bonnevillensis).  Materials  from  the 
type  locality  of  the  species  in  South  Dakota 
is  a  low  subherbaceous  plant  that  differs  from 
our  shrubby  tall  material.  In  a  strict  sense  the 
common  phase  of  our  plants  seems  best  re- 
garded at  varietal  status  as  A.  canescens  var. 
occidentalis  (Torr.  &  Frem.)  Welsh  &  Stutz 
comb.  nov.  [based  on:  Pterchiton  occidentale 
Torr.  &  Frem  in  Frem.  Rep.  Rocky  Mts.  318. 
1846,  type  from  the  Great  Salt  Lake,  and  the 
autonym  var.  occidentalis  established  by 
Obione  occidentalis  var.  angustifolia  Torr.  in 
Emory  Rot.  Mex.  Bound.  2  (1):189.  1859].  A 
second  more  or  less  distinctive  phase  occurs 
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within  the  distribution  of  var.  occidentalis, 
but  is  restricted  ecologically  and  differs  mor- 
phologically from  that  variety.  These  dune 
plants  were  noted  by  Hanson  (1962)  as  hav- 
ing bracts  to  25  mm  wide  and  elongated  in- 
ternodes.  To  these  features  can  be  added  the 
presence  of  adventitious  roots  at  buried  inter- 
nodes  and  a  diploid  chromosome  number  of 
2n  =  18.  They  are  here  designated  as  var.  gi- 
gantea  Welsh  &  Stutz  var.  nov.  Ab  Atriplex 
canescens  var.  occidentalis  in  bracteis  major- 
ibus  internodiis  longioribus  radicibus  adven- 
titiis  et  chromosomatibus  2n  =  18  differt. 
Type:  USA  Utah.  Juab  Coimty;  Lynndyl  sand 
dimes,  T35S,  R4W,  8  Sept.  1965,  S.  L.' Welsh 
&  G.  Moore  5126  (Holotype  BRY;  two  iso- 
types  distributed  previously  as  A.  canescens). 
Plants  of  var.  gigantea  grow  in  interdune  val- 
leys, where  they  are  encroached  upon  by  the 
following  dime.  They  survive  being  buried  as 
the  dime  advances  by  producing  adventitious 
roots  along  the  stem  and  by  continued 
growth  above  the  encroaching  sand.  The  spe- 
cies is  an  important  browse  plant  for  both 
wildlife  and  domestic  livestock.  It  is  used  in 
reclamation  projects  and  might  be  found  es- 
tablished at  sites  beyond  its  usual  range  and 
habitat  latitude. 

Atriplex  confertifolia  (Torr.  &  Frem.) 
Wats.  Shadscale  [Ohione  confertifolia  Torr.  & 
Frem.  in  Frem.,  type  from  Weber  County;  A. 
collina  Woot.  &  Standi.].  Dioecious  spin- 
escent  shrubs,  3-8  dm  tall;  leaves  persistent, 
alternate,  with  petioles  1-4  mm  long;  blades 
9-25  mm  long,  4-20  mm  wide,  orbicular  to 
ovate,  elliptic,  or  oval,  entire,  obtuse  api- 
cally;  staminate  flowers  yellow,  in  clusters 
2-4  mm  wide  or  in  spikes  to  1  cm  long;  in- 
florescence paniculate,  3-15  cm  long;  fruit- 
ing bracts  sessile  or  subsessile,  suborbiciilar  to 
rhombic  or  elliptic,  4-12  mm  long  and  wide, 
the  surface  smooth,  lacking  appendages;  ter- 
minal teeth  distinct,  foliaceous,  shorter  than 
the  bracts,  entire  or  toothed  below,  spreading 
at  maturity;  seeds  1.5-2  mm  broad.  2n  =  18, 
36,  or  higher.  Gravelly  to  fine-textured  soils 
in  greasewood,  mat-atriplex,  other  salt  desert 
shrub,  sagebrush,  and  pinyon-jimiper  commu- 
nities at  850  to  2140  m,  known  in  all  Utah 
coimties  except  Morgan,  Rich,  and  Summit; 
Oregon  east  to  North  Dakota,  south  to  Cali- 
fornia, Arizona,  New  Mexico,  and  Texas;  144 


(xii).  Shadscale  forms  hybrids  with  A.  canes- 
cens, A.  garrettii,  A.  corntgata,  and  A.  gard- 
neri  varieties.  This  is  a  valuable  browse  plant 
for  wildlife  and  livestock,  especially  sheep. 

Atriplex  corrtigata  Wats.  Mat-saltbush; 
Mat-atriplex.  Dioecious,  low,  spreading 
shrubs,  mainly  3-15  cm  tall  and  3-15  dm 
broad;  leaves  persistent,  sessile,  opposite  be- 
low, alternate  above,  3-18  mm  long,  1-6  mm 
wide,  linear  to  linear-oblanceolate,  or  oblong, 
entire,  obtuse  apically;  staminate  flowers  yel- 
low to  brownish,  in  clusters  3-6  mm  wide, 
borne  in  spikes  1-8  cm  long;  pistillate  flow- 
ers in  leafy  bracteate  spikes  5-15  cm  long; 
fruiting  bracts  sessile  or  subsessile,  3-5  mm 
long,  4-6  mm  wide,  densely  tuberculate  (or 
smooth),  entire  or  undulate,  rounded  to  acute 
apically;  seeds  ca  1.5  mm  wide.  2n  =  36.  Sa- 
line, usually  fine-textured  substrates  derived 
from  Mancos  Shale,  Tropic  Shale,  Morrison, 
Duchesne  River,  and  other  similar  formations 
in  mat-atriplex  and  Castle  Valley  saltbush 
communities  at  1220  to  2150  m  in  Carbon, 
Emery,  Garfield,  Grand,  Kane,  San  Juan  (?), 
and  Uintah  counties;  New  Mexico  and  Colo- 
rado; 105  (viii).  Mat-saltbush  is  known  to 
form  intermediates  with  both  A.  confertifolia 
and  A.  gardneri  var.  cuneata.  This  saltbush  is 
a  valuable  browse  plant  on  the  sparsely  vege- 
tated clays  and  silts  of  eastern  Utah,  where  it 
is  often  the  only  woody  vegetation  present. 

Atriplex  elegans  (Moq.)  D.  Dietr.  Wheels- 
cale  Orach.  [Obione  elegans  Moq.].  Annual 
herbs,  the  stems  erect  to  ascending  or  pro- 
strate-decumbent, mainly  1-6  dm  tall,  scurfy 
to  glabrate;  leaves  mostly  alternate,  subsessile 
or  shortly  petiolate,  5-30  mm  long,  2-8  mm 
wide,  elliptic  to  spatulate,  oblanceolate,  ob- 
long, or  obovate,  the  base  cimeate,  entire  to 
denticulate,  densely  scurfy;  flowers  mon- 
oecious, in  axillary  clusters;  staminate  flowers 
with  a  3-5  parted  perianth;  fruiting  bracts 
shortly  stalked,  compressed,  united  except  at 
the  thin  margin,  orbicular,  2-4  mm  wide,  the 
margins  dentate,  the  terminal  teeth  often 
promiment,  the  faces  smooth;  seeds  1-4  mm 
wide,  brown.  Disturbed  sites  at  ca  885  m  in 
Washington  County;  California,  Nevada,  Ari- 
zona, New  Mexico,  Texas,  and  Mexico;  3  (0). 

Atriplex  gardneri  (Moq.)  D.  Dietr.  Gard- 
ner Saltbush.  [Obione  gardneri  Moq.;  A.  nut- 
tallii  Wats.].  Dioecious  or  monoecious  shrubs 
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or  subshnibs,  1-10  dm  tall,  unarmed;  leaves 
more  or  less  persistent,  alternate  or  opposite 
to  subopposite,  sessile  to  petiolate,  linear  to 
oblanceolate,  obovate,  spatulate,  or  orbicular, 
5-55  mm  long,  2-25  mm  wide,  entire  (rarely 
dentate),  retiise  to  obtuse  or  rounded  api- 
cally;  staminate  flowers  in  spikes  or  panicles, 
2-30  cm  long,  yellow  or  brown,  in  clusters 
2-4  mm  wide;  pistillate  flowers  in  spikes  or 
panicles  to  30  cm  long;  faiiting  bracts  3-9 
mm  long,  2-9  mm  wide,  bearing  tubercles  or 
wings  or  the  tubercles  alligned  in  4  rows  or 
rarely  smooth,  the  apex  toothed  and  usually 
with  2  or  more  lateral  teeth;  seeds  1.5-2.5 
mm  wide,  tan  or  brown.  This  is  a  widely  dis- 
tributed complex  of  intergrading  genotypes 
of  great  plasticity.  Plants  of  this  complex  oc- 
cur commonly  in  saline  fine-textured  sub- 
strates in  much  of  the  western  Great  Plains 
and  in  the   intermoimtain  region.   Diploids, 


triploids,  tetraploids,  and  hexaploids  (and 
higher  polyploids,  all  multiples  of  the  base 
number  9)  are  known  within  the  complex, 
and  hybrids  are  known  between  the  con- 
stituents and  the  other  woody  species  they 
contact,  i.e.,  A.  canescens,  A.  confertifolia, 
and  A.  cornigata.  The  treatment  essentially 
follows  the  alignment  of  taxa  suggested  by 
Hanson  (1962),  with  the  exception  that  they 
are  reduced  to  varietal  status  and  var.  bonne- 
villensis  is  placed  within  the  gardneri  phase 
and  not  with  A.  canescens.  The  use  of  the 
epithet  nuttallii  for  this  complex  was  re- 
viewed by  Hanson  (1962),  and,  other  prob- 
lems aside,  the  name  A.  gardneri  clearly  has 
priority  over  A.  nuttallii  and  must  be  used 
according  to  stipulations  of  the  International 
Code.  Within  Utah  there  are  six  morphologi- 
cally intergrading  entities  that  seem  worthy 
of  taxonomic  recognition. 


1.             Fruiting  bracts  with  4  lateral  wings  or  rows  of  tubercles;  plants  of  valley  bot- 
toms and  playas  in  Juab  and  Millard  counties  A.  gardneri  var.  bonnevillensis 

—  Fruiting  bracts  lacking  lateral  wings,  the  tubercles,  when  present,  often  more 

or  less  aligned;  plants  of  various  distribution  2 

2(1).         Lower  leaves  opposite  or  subopposite;  plants  prostrate  to  ascending,  in  eastern 

Utah 3 

—  Lower  leaves  alternate;  plants  ascending  to  erect,  of  various  distribution 4 

3(2).         Leaves  mainly  10-25  mm  wide,  grayish  green;  bracts  5-9  mm  wide,  heavily 

tuberculate;  plants  of  the  Uinta  and  Navajo  basins  A.  gardneri  var.  cuneata 

—  Leaves  mainly  4-12  mm  wide,  green;  bracts  2-5  mm  wide,  not  tuberculate  or 

the  tubercles  very  short;  plants  of  Daggett  County A.  gardneri  var.  gardneri 

4(2).         Staminate  flowers  mostly  brown;  fruiting  bracts  with  apical  teeth  half  united, 

lacking  lateral  teeth;  plants  of  Great  Basin  and  Rich  County 

A.  gardneri  var.  falcata 

—  Staminate    flowers    mostly   yellow;    fruiting    bracts    with    apical    teeth    free, 
subtended  by  lateral  teeth;  plants  of  various  distribution 5 

5(4).         Leaves  mainly  5-15  times  longer  than  wide;  fruiting  inflorescences  spicate; 

plants  of  Grand  County  A.  gardneri  var.  welshii 

—  Leaves  mainly   less  than  5   times   longer  than   wide;   fruiting   inflorescences 
paniculate;  plants  of  broad  distribution  A.  gardneri  var.  tridentata 


Var.  bonnevillensis  (C.  A.  Hanson)  Welsh 

comb.  nov.  Bonneville  Saltbush.  [based  on: 
Atriplex  bonnevillensis  C.  A.  Hanson  Studies 
Systematic  Botany  1:2.  1962].  Greasewood 
communities  in  valley  bottoms  and  playas  at 
1500  to  1585  m  in  Juab  and  Millard  (type 
from  Desert  Experimental  Range)  counties; 
Nevada;  10  (i).  2n  =  18.  The  Bonneville  sal- 
tbush is  apparently  a  partially  stabilized  in- 


trogressant  involving  A.  gardneri  var.  falcata 
and  A.  canescens.  The  habitat  is  intermediate 
between  that  of  the  parental  taxa.  There  is 
evidence  that  the  introgression  is  continuing 
in  some  populations  at  least. 

Var,  cuneata  (A.  Nels.)  Welsh  comb.  nov. 
Castle  Valley  Saltbush.  [based  on:  Atriplex 
cuneata  A.  Nels.  Bot.  Gaz.  34:357.  1902].  Sa- 
line,   fine-textured   substrates   on    Mancos 
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Shale,  and  other  formations  of  similar  texture 
and  salinity,  in  greasewood  and  mat-atriplex 
commimities  at  1220  to  2170  m  in  Carbon, 
Duchesne,  Emery  (type  from  near  Emery), 
Garfield,  Grand,  San  Juan,  and  Uintah  coun- 
ties; Colorado  and  New  Mexico;  166  (xxi). 
2n  =  18,  27,  36,  and  higher.  A  series  of  at 
least  partially  stabilized  introgressants  be- 
tween var.  cuneata  and  var.  tridentata  in 
Carbon  County  form  the  basis  of  A.  cuneata 
ssp.  introgressa  C.  A.  Hanson.  Possibly  they 
warrant  taxonomic  recognition,  but  no  no- 
menclatural  combination  is  intended  or  im- 
plied herein. 

Var.  falcata  (Jones)  Welsh  comb.  nov. 
Jones  Saltbush.  [based  on:  Atriplex  nuttallii 
var.  falcata  Jones  Contr.  W.  Bot.  11:19. 
1903].  Sagebrush,  shadscale,  and  greasewood 
commimities  at  1310  to  1985  m  in  Box  Elder, 
Iron,  Juab,  Millard,  Rich,  and  Tooele  coun- 
ties; Washington  to  Montana,  south  to  Ne- 
vada and  Wyoming;  30  (i). 

Var.  gardneri  Gardner  Saltbush.  Grease- 
wood and  sagebrush-saltbush  communities  at 
ca  1895  m  in  Daggett  County;  Wyoming, 
Colorado,  and  Montana;  6  (0). 

Var.  tridentata  (Kuntze)  Macbr.  Basin 
Saltbush.  [A.  tridentata  Kuntze;  A.  nuttallii 
var.  utahensis  Jones,  type  from  Salt  Lake 
City].  Greasewood,  shadscale,  alkali  saccaton, 
kochia,  saltgrass,  and  sedge-rush  communities 
at  1280  to  1985  m  in  Beaver,  Box  Elder, 
Cache,  Carbon,  Davis,  Duchesne,  Iron,  Juab, 
Millard,  Piute,  Salt  Lake,  Sanpete,  Sevier, 
Tooele,  and  Uintah  counties;  Colorado,  Ne- 
vada, Idaho,  and  Wyoming;  95  (iv).  2n=18, 
36,  54.  Materials  from  eastern  Utah  have 
leaves  narrower  on  the  average  than  those 
from  the  Great  Basin.  The  bracts  are  more 
heavily  tuberculate  also. 

Var.  welshii  (C.  A.  Hanson)  Welsh  comb, 
nov.  Welsh  Saltbush.  [based  on:  Atriplex  wel- 
shii C.  A.  Hanson  Studies  Systematic  Botany 
1:1.  1962].  Mat-sal tbush  and  Castle  Valley 
saltbush  communities  at  1280  to  1315  m  in 
Grand  County;  endemic;  10  (ii).  2n=  18. 

Atriplex  garrettii  Rydb.  Garrett  Saltbush 
[A.  canescens  ssp.  garrettii  (Rydb.)  H.  &  C; 
A.  canescens  var.  garrettii  (Rydb.)  Benson]. 
Dioecious  (rarely  monoecious)  shrubs  or  sub- 
shrubs,  mainly  2-6  dm  tall,  unarmed;  leaves 
opposite  or  subopposite  below,  petiolate,  the 
blades  8-55  mm  long,  6-32  mm  wide,  ovate 


to  obovate,  elliptic,  or  orbicular,  yellow- 
green,  sparingly  scurfy,  entire  or  repand-den- 
tate,  obtuse  to  cuneate  basally,  rounded  to 
acute  apically;  staminate  flowers  brown  to 
tan  (rarely  yellow),  in  clusters  2-4  mm  wide 
on  panicles  2-8  cm  long;  pistillate  flowers  in 
spikes  or  spicate  panicles  4-30  cm  long; 
fruiting  bracts  6-10  mm  long  and  wide, 
winged,  the  surface  smooth,  reticulate,  or 
with  flattened  processes,  toothed  apically; 
seeds  ca  2  mm  wide,  brown.  2n  =  18.  Shads- 
cale, ephedra,  eriogonum,  blackbrush,  and 
mixed  shrub-grass  communities  on  talus 
slopes  of  canyons  of  the  Colorado  at  1125  to 
1895  m  in  Garfield,  Grand  (type  from  near 
Moab),  Kane,  San  Juan,  and  Wayne  counties; 
endemic;  41  (xii).  2n=18.  This  distinctive 
plant  has  been  regarded  as  a  portion  of  the 
variation  within  an  expanded  A.  canescens, 
with  which  it  shares  the  feature  of  4-winged 
pistillate  fruiting  bracts,  but  it  is  possibly 
more  closely  allied  with  A.  con ferti folia,  with 
which  it  hybridizes. 

Atriplex  graciliflora  Jones  Blue  Valley 
Orach.  Monoecious  annual  herbs,  mainly  1-3 
dm  tall,  branching  from  the  base;  leaves  al- 
ternate, petiolate,  the  blades  8-10  mm  long 
and  about  as  wide  or  wider,  cordate-ovate  to 
orbicular,  cordate,  or  deltoid,  truncate  to 
cordate  basally,  rounded  to  obtuse  or  acute 
apically,  entire;  staminate  flowers  in  panicles 
overtopping  the  foliage,  the  perianth  5- 
lobed;  pistillate  flowers  axillary;  fruiting 
bracts  samaralike,  6-16  mm  wide,  stipitate, 
compressed,  orbicular,  oblong  or  cordate  in 
outline,  winged,  the  wings  undulate  or  entire, 
the  surfaces  smooth;  seeds  ca  3  mm  wide, 
dull  white.  Saltbush,  seepweed,  greasewood, 
rabbitbrush,  and  tamarix  communities  on  sa- 
line, often  salt-encrusted,  soils  at  1125  to 
1900  m  in  Carbon,  Emery,  Garfield,  Kane, 
and  Wayne  (type  from  Blue  Valley)  counties; 
Colorado;  18  (iii). 

Atriplex  heterosperma  Bunge  Two-seed 
Orach.  Moenocious  annual  herbs,  mainly 
1.5-14  dm  tall,  erect,  branched  from  below 
the  middle  or  above;  leaves  opposite  or  sub- 
opposite  below,  commonly  alternate  above 
and  petiolate,  the  blades  mainly  15-80  mm 
long  and  as  wide  or  wider,  hastately  lobed, 
triangular,  the  base  truncate  to  cordate  or 
obtuse,  acute  apically;  staminate  flowers  with 
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5  sepals;  fruiting  bracts  2-7  mm  long,  orbicu- 
lar to  suborbicular  or  ovate,  entire,  the  sur- 
faces smooth,  dimorphic,  the  larger  with  a 
pale  brown  vertical  seed  2-3  mm  wide,  the 
smaller  with  a  shiny  black  vertical  seed  ca  1 
mm  wide.  2n  =  36.  Riparian  and  palustrine 
(less  commonly  nideral)  habitats  in  grease- 
wood,  saltgrass,  cocklebur,  tamarix,  cotton- 
wood,  and  rush-cattail  communities  at  1310 
to  1985  m  in  Box  Elder,  Cache,  Davis,  Duch- 
esne, Emery,  Juab,  Salt  Lake,  Sanpete,  Se- 
vier, Summit,  Uintah,  and  Weber  counties; 
western  North  America;  adventive  from  Eu- 
rasia; 29  (ii).  This  is  a  handsome  vigorous  an- 
nual that  appears  to  be  invading  saline  low- 
land and  other  disturbed  areas  throughout 
the  state. 

Atriplex  hortensis  L.  Garden  Orach.  Mon- 
oecious annual  herbs,  mainly  5-20  dm  tall, 
erect,  branching  from  the  middle  or  above; 
leaves  opposite  or  subopposite  below,  alter- 
nate above,  petiolate,  the  blades  commonly 
1.5-13.5  cm  long  and  1-13  cm  wide,  ovate  to 
lanceolate,  not  especially  hastate,  the  base 
acute  to  cordate,  acute  to  rounded  apically; 
staminate  flowers  with  3-5  sepals;  pistillate 
flowers  dimorphic,  the  pistil  vertical  and  en- 
closed in  bracts  or  the  pistil  horizontal  and 
enclosed  in  a  4-  or  5-lobed  calyx,  both  shortly 
pedicellate;  fruiting  bracts  8-19  mm  long,  or- 
bicular to  ovate,  entire,  the  surfaces  smooth, 
greenish  or  reddish;  seeds  dimorphic,  either 
2-4  mm  wide  and  brown  or  ca  1  mm  wide 
and  black.  Disturbed  sites  in  riparian  and  ru- 
deral  habitats  at  1310  to  2135  m  in  Cache, 
Duchesne,  Salt  Lake,  Sanpete,  Summit, 
Tooele,  Uintah,  and  Utah  counties;  prac- 
tically cosmopolitan,  introduced  from  Eu- 
rasia; 12  (i).  This  plant  is  grown  as  a  potherb, 
and  is  to  be  expected  practically  anywhere. 
It  persists  and  escapes  following  cultivation. 

Atriplex  hymenelytra  (Torr.)  Wats.  Desert 
Holly.  [Obione  hymenelytra  Torr.].  Dioecious 
shrubs,  3-15  dm  tall  or  more,  unarmed; 
leaves  persistent,  petiolate,  alternate,  the 
blades  10-40  mm  long  and  as  wide  or  wider, 
orbicular  to  reniform  or  oval,  greenish  to  sil- 
very white,  permanently  scurfy,  prominently 
dentate;  staminate  flowers  yellow  to  purple- 
brown,  in  clusters  3-4  mm  thick,  borne  in 
panicles  to  3  cm  long;  pistillate  bracts  sub- 
sessile,  7-10  mm  long  and  wide,  orbicular  to 
reniform,  the  margins  entire  to  crenate;  seeds 


ca  2  mm  wide,  brown.  Warm  desert  shrub 
community  at  ca  730  m  in  Washington 
County;  Arizona,  Nevada,  California,  and 
Mexico;  4  (0).  This  is  a  handsome  rounded 
shrub  with  silvery  white  foliage.  It  flowers 
very  early  in  springtime. 

Atriplex  lentiformis  (Torr.)  Wats.  Big  Salt- 
bush.  [Obione  lentiformis  Torr.  in  Sitgr.]. 
Dioecious  or,  less  commonly,  monoecious 
shrubs,  mainly  10-25  dm  tall,  unarmed; 
branchlets  terete;  leaves  persistent,  alternate, 
petiolate,  the  blades  0.5-4  cm  long,  0.3-3  cm 
wide,  deltoid  to  rhombic,  ovate,  or  oblong-el- 
liptic, gray-green,  scurfy,  entire  to  repand  or 
subhastately  lobed,  rounded  to  obtuse  api- 
cally; staminate  flowers  yellow,  in  clusters 
1-2  mm  wide,  borne  in  panicles  0.5-5  dm 
long;  fruiting  bracts  3-4  mm  long  and  wide, 
sessile,  orbicular  to  oval,  crenulate,  rounded 
apically;  seeds  ca  1-1.5  mm  wide,  brown. 
Drainages,  stream  and  canal  banks,  and  road- 
sides in  warm  desert  shrub  communities  at 
760  to  950  m  in  Washington  County;  Ari- 
zona, Nevada,  California,  and  Mexico;  8  (0). 

Atriplex  obovata  Moq.  New  Mexico  Salt- 
bush.  Dioecious  shnibs,  mainly  2-8  dm  tall; 
leaves  tardily  deciduous,  alternate,  shortly 
petiolate,  the  blades  8-30  mm  long,  6-20  mm 
wide,  obovate  to  elliptic  or  orbicular,  gray- 
green,  entire  or  rarely  dentate,  rounded  to  re- 
tuse  or  obtuse  apically;  staminate  flowers  yel- 
low, in  clusters  2-3  mm  wide,  borne  in  pan- 
icles 6-30  cm  long;  fruiting  bracts  4-5  mm 
long,  5-9  mm  wide,  sessile,  broadly  cuneate, 
the  surfaces  smooth  or  rarely  tubercled,  the 
margins  entire,  the  apical  tooth  subtended  by 
2-6  equal  or  smaller  teeth;  seeds  1-1.5  mm 
wide,  brownish.  Salt  desert  shrub  and  lower 
pinyon-juniper  communities  at  ca  1525  to 
1650  m  in  San  Juan  County;  Arizona,  New 
Mexico,  and  Mexico;  6  (i). 

Atriplex  patula  L.  Fat-hen  Saltbush.  Mon- 
oecious annual  herbs,  mainly  1.5-10  dm  tall, 
prostrate-ascending  or  erect,  simple  or 
branched;  leaves  alternate  or  some  or  all  op- 
posite, petiolate,  the  blades  mainly  1-12  cm 
long,  1-5  cm  wide  or  more,  ovate,  deltoid, 
lance-ovate,  or  lance-linear,  cordate  to  has- 
tate, truncate,  or  acute  to  cuneate  basally, 
rounded  to  obtuse  or  acute  apically,  entire  to 
dentate  or  hastate,  thin  or  thick,  green, 
glabrous  or  scurfy;  flowers  in  paniculate 
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clusters;  staminate  flowers  with  4  or  5  sepals; 
fniiting  bracts  sessile,  subsessile,  or  rarely 
stipitate,  2-12  mm  long,  3-9  mm  wide,  del- 
toid to  ovate  or  rhombic,  sometimes  spongy- 
thickened,  the  margin  entire  or  denticulate, 
the  face  smooth,  roughened,  or  tuberculate; 
seeds  vertical,  dimorphic,  either  black  and 
1-2  mm  wide  or  brown  and  1-3  mm  wide. 
This  species  complex  consists  of  plants  with 


circumboreal  representation.  Our  material 
apparently  consists  of  introduced  and  in- 
digenous portions  of  that  complex,  often 
treated  at  specific  status  or  in  various  in- 
fraspecific  categories.  Treatment  as  a  broad, 
highly  variable  taxon  consisting  of  two  in- 
fraspecific  taxa  seems  to  best  represent  our 
material.  The  following  key  will  serve  to  seg- 
regate most  specimens. 


1.  Principal  lower  leaves  triangular-hastate;  leaf  bases  truncate,  broadly  cuneate, 

or  subcordate;  plants  common  A.  patula  var.  triangularis 

—  Principal  lower  leaves  various,  but  seldom  hastate;  leaf  bases  acute  to  cuneate; 

plants  uncommon  A.  patula  var.  patula 


Var.  patula.  Sedge-reed,  tamarix-Russian 
olive,  and  willow-cottonwood  commmiities 
at  1370  to  1985  m  in  Rich,  Sanpete,  and  Utah 
coimties;  widespread  in  North  America;  Eu- 
rasia; 3  (i).  Materials  tentatively  assigned 
here  are  thin-leaved,  but  bracts  vary  in  out- 
line from  rhombic  to  ovate  or  narrowly  ob- 
long and  the  surfaces  from  smooth  to 
tubercled. 

Var.  triangularis  (Willd.)  Thorne  &  Welsh 
comb.  nov.  [based  on:  Atriplex  triangularis 
Willd.  Sp.  PI.  4:936.  1805;  A.  hastata  au- 
thors, not  L.;  Chenopodium  suhspicatum 
Nutt.;  A.  subspicata  (Nutt.)  Rydb.;  A.  carnosa 
A.  Nels.].  Saltgrass,  sedge-rush,  rush-cattail, 
and  other  palustrine  and  riparian  habitats, 
usually  in  saline  mucky  soils  at  850  to  1985  m 
in  Cache,  Davis,  Duchesne,  Emery,  Millard, 
San  Juan,  Salt  Lake,  Sanpete,  Uintah,  and 
Washington  coimties;  widely  distributed  in 
North  America;  Europe;  31  (v).  Both  thick 
and  thin-leaved  specimens  are  included  in 
this  variety.  The  problem  of  typification  of 
A.  Ixastata  L.  was  reviewed  by  Taschereau 
(Canad.  J.  Bot.  50:1585,  1972).  That  name 
evidently  replaces  the  long-established  A. 
calotheca  (Rafn.)  Fr.,  a  plant  not  known  from 
Utah.  The  next  available  epithet  at  specific 
rank  is  apparently  A.  triangularis  Willd., 
herein  treated  at  varietal  level.  It  seems 
likely  that  another  name  might  well  super- 
sede that  name  at  varietal  rank. 

Atriplex  powellii  Wats.  Powell  Orach. 
Dioecious  (sparingly  monoecious)  annual 
herbs;  stems  slender  to  stout,  mainly  1-5  (7) 
dm  tall,  branching  almost  throughout;  her- 
bage pubescent  with   scurfy  and  arachnoid 


hairs;  leaves  alternate,  petiolate,  or  the  upper 
sessile,  the  blades  0.4-5  cm  long,  0.2-3  cm 
wide,  ovate  to  rhombic  or  elliptic,  entire, 
rounded  to  cuneate  basally,  acute  to  obtuse 
apically,  prominently  3-veined;  staminate 
flowers  with  calyx  4-  or  5-lobed;  fruiting 
bracts  sessile,  2-2.8  mm  long,  1.5-3.2  mm 
wide,  thick,  united  to  the  apex,  ovate  to  ob- 
long or  broadly  cuneate,  truncate  to  cuspi- 
date apically,  the  surfaces  with  thickened 
processes  or  rarely  smooth;  seeds  ca  2  mm 
long,  greenish.  Saline,  usually  fine-textured 
substrates,  in  greasewood,  rabbitbrush,  shads- 
cale,  seepweed,  mat-atriplex,  juniper-pinyon, 
and  blackbrush  communities  at  1220  to  1830 
m  in  Carbon,  Duchesne,  Emery,  Garfield, 
Grand,  Kane,  Sanpete,  Sevier,  Tooele,  Utah, 
and  Wayne  counties;  Montana  and  South  Da- 
kota to  Arizona  and  New  Mexico;  54  (ix). 
This  is  the  only  annual  atriplex  in  Utah  that 
approaches  being  truly  dioecious,  but  occa- 
sionally a  few  flowers  of  the  opposite  gender 
occur,  resulting  in  sparingly  monoecious  indi- 
viduals. The  species  in  Utah  is  characteristic 
of  the  Colorado  Drainage  system.  The  few 
specimens  from  the  Great  Basin  possibly  rep- 
resent recent  introductions. 

Atriplex  rosei  L.  Tumbling  Orach.  Mon- 
oecious, coarse,  annual  herbs;  stems  simple  or 
more  commonly  branching  throughout, 
mainly  2-8  dm  tall;  herbage  scurfy  to  gla- 
brate;  leaves  alternate,  petiolate,  the  blades 
mainly  1.2-7  cm  long,  0.6-3.5  cm  wide, 
ovate  to  lanceolate,  acute  to  obtuse  apically, 
irregularly  dentate  and  often  subhastately 
lobed;  staminate  flowers  with  4  or  5  sepals; 
fruiting  bracts  sessile,  4-6  (8)  mm  long  and  as 
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wide,  ovate  to  rhomic,  united  to  the  middle, 
dentate,  sharpely  tuberculate  on  the  surfaces; 
seeds  dimorphic,  brown  and  2-2.5  mm  wide, 
or  black  and  1-2  mm  wide.  Widely  estab- 
lished weedv  species  of  disturbed  sites,  often 
in  riparian  habitats  or  in  barnyards  or  on  ani- 
mal bedgrounds,  at  850  to  2560  m  in  all  or 
nearly  all  Utah  counties;  widespread  in  North 
America;  Eurasia  and  elsewhere;  47  (v). 

Atriplex  saccaria  Wats.  Stalked  Orach. 
Low  monoecious  herbs,  forming  rounded 
clumps,  mainly  0.5-2  (2.5)  dm  tall;  stems  usu- 
ally branched  from  the  base;  herbage  scurfy; 


leaves  alternate  or  the  lowermost  sub- 
opposite,  petiolate,  the  blades  mainly  0.6-4 
cm  long,  0.4-3  cm  wide,  ovate  to  deltoid- 
ovate  or  oval,  entire  or  in  some  the  base  sub- 
hastately  lobed,  truncate  to  subcordate  or 
broadly  cuneate  basally,  acute  to  rounded 
apically;  staminate  flowers  with  5-parted 
perianth;  fruiting  bracts  stipitate,  or  some 
subsessile  to  sessile,  the  faces  smooth  to  coar- 
sely tubercled  or  appendaged,  mainly  4-6 
mm  long  and  as  wide;  seeds  2-3  mm  wide, 
brownish  to  whitish.  Two  rather  continuously 
intergrading  varieties  are  present. 


Pedicels  of  fruiting  bracts  3-8  mm  long  or  more,  the  bracts  all  essentially  alike; 

plants  uncommon  A.  saccaria  var.  caput-medusae 

Pedicels  of  fruiting  bracts  mainly  less  than  3  mm  long,  the  bracts  of  lower  axils 

tending  to  be  subsessile  and  less  tubercled  than  the  upper  ones 

A.  saccaria  var.  saccaria 


Var.  caput-medusae  (Eastw.)  Welsh  comb, 
nov.  [based  on:  Atriplex  caput-medusae 
Eastw.  Proc.  Calif.  Acad.  II.  6:316.  1896;  A. 
argentea  var.  caput-medusae  (Eastw.)  Fos- 
berg].  Medusa-head  Orach.  Greasewood,  sal- 
tbush,  and  other  salt-desert  shrub  commu- 
nities at  ca  1525  to  1600  m  in  Emery,  San 
Juan  (type  from  Recapture  Creek),  and  Uin- 
tah counties;  New  Mexico  and  Arizona;  3  (i). 

Var.  saccaria  [A.  cornuta  Jones,  type  from 
Green  River].  Mat-atriplex,  shadscale,  grease- 
wood,  and  pinyon-juniper  communities  at 
1125  to  1830  m  in  Carbon,  Daggett,  Emery, 
Garfield,  San  Juan,  Uintah,  and  Wayne  coun- 
ties; Wyoming  to  Arizona  and  New  Mexico; 
30  (vi). 

Atriplex  semibaccata  R.  Br.  Australia  Salt- 
bush.  Decumbent,  monoecious  subshrubs, 
mainly  5-30  cm  high  and  to  1  mm  wide  or 
more,  unarmed;  leaves  alternate  subsessile  or 
shortly  petiolate,  mainly  0.8-3  cm  long,  4-9 
mm  wide,  obovate  to  oblong,  remotely  den- 
tate, obtuse  apically,  attenuate  basally,  1- 
veined;  staminate  flowers  in  clusters  ca  1.5 
mm  wide;  fruiting  bracts  sessile,  3-6  mm 
long  and  as  wide,  rhombic,  united  below, 
convex,  red-fleshy  at  maturity,  obtuse  to 
acute  apically,  strongly  veined;  seeds  dimor- 
phic, ca  1.5  mm  long  and  black,  and  ca  2  mm 
long  and  brown.  Disturbed  sites  at  ca  850  m 
in  Washington  County;  southeastern  U.S.;  in- 
troduced from  Australia;  5  (0). 


Atriplex  torreyi  Wats.  Torrey  Saltbush. 
Dioecious  shrubs,  mostly  8-30  dm  tall,  form- 
ing broad  clumps;  branchlets  angled,  becom- 
ing bluntly  thorny;  leaves  alternate,  per- 
sistent, with  petioles  1-4  mm  long,  the  blades 
0.5-3  cm  long,  4-16  mm  wide,  ovate  to  del- 
toid, rhombic,  oval,  or  lanceolate,  entire 
(rarely  toothed),  obtuse  apically,  truncate  to 
obtuse  basally;  staminate  flowers  yellow,  in 
clusters  ca  1  mm  wide,  in  panicles  mainly 
1-3  dm  long;  fruiting  bracts  sessile,  2-3  mm 
long  and  wide,  orbicular,  crenate,  rounded 
apically;  seeds  ca  1-1.4  mm  wide,  brown. 
Mesquite,  creosote  bush,  shadscale  and  black- 
brush  communities  at  ca  800  to  900  m  in 
Washington  County;  Nevada  and  California; 
13  (0). 

Atriplex  truncata  (Torr.)  Gray  Wedge 
Orach.  [Obione  truncata  Torr.  in  Wats.;  A. 
subdecumbens  Jones,  type  from  Fish  Lake, 
Sevier  County].  Monoecious  annual  herbs; 
stems  simple  or  more  commonly  branched 
throughout,  mainly  3-8  dm  tall;  herbage 
scurfy,  becoming  glabrate;  leaves  alternate, 
petiolate  below,  sessile  above,  the  blades 
mainly  4-30  mm  long,  3-30  mm  wide,  ovate 
to  deltoid  or  oval,  acute  to  obtuse  apically, 
entire  or  dentate,  trvmcate  or  subhastate  to 
rounded  basally;  staminate  flowers  with  4  or 
5  sepals;  fruiting  bracts  sessile,  2-3  mm  long 
and  as  wide,  broadly  cuneate,  truncate 
apically,  with  3  (or  more)  teeth  across  the 
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summit,  the  surfaces  smooth  (rarely  tu- 
bercled);  seeds  1-2  mm  wide,  brown;  2n=  18. 
Saline  saltgrass-greasewood  and  other  palust- 
rine  habitats  at  ca  850  to  1375  (2700)  m  in 
Box  Elder,  Cache,  Carbon,  Emery,  Juab,  Mil- 
lard, Rich,  Salt  Lake,  Sevier,  Utah,  Washing- 
ton, and  Wayne  counties;  British  Columbia 
to  Montana,  south  to  California  and  New 
Mexico;  12  (0). 

Atriplex  wolfii  Wats.  Slender  Orach.  [A. 
tenuissima  A.  Nels.,  type  from  Gunnison]. 
Monoecious,  slender,  delicate,  annual  herbs; 
stems  simple  or  more  commonly  branched 
throughout,  mainly  0.7-3.5  dm  tall;  herbage 
scurfy;  leaves  alternate,  sessile,  mainly 
0.4-2.5  cm  long,  1-3  mm  wide,  linear  to  nar- 
rowly lanceolate;  staminate  flowers  with  5 
sepals;  fruiting  bracts  sessile,  1.5-3  mm  long, 
1-2.5  mm  wide,  ovate  to  cuneate  in  outline, 
truncate  to  attenuate  apically,  the  faces 
smooth  or  tuberculate;  seeds  1-2  mm  long, 
brown.  Creasewood  community  at  1525  to 
2135  m  in  Carbon,  Duchesne,  Emery,  Gar- 
field, Piute,  Sanpete,  Sevier,  and  Uintah 
counties;  Wyoming  and  Colorado;  7  (ii). 

Bassia  All. 

Annual  herbs;  leaves  alternate,  entire,  ses- 
sile; herbage  pilose  or  tomentose,  at  least  in 
inflorescence;  flowers  perfect  and  pistillate, 
glomerate  or  solitary  in  leaf  axils  and  in  short 
axillary  spikes,  bracteate;  calyx  5-lobed,  de- 
pressed-globose, enclosing  the  fruit  and  usu- 
ally prominently  armed  with  a  curved  or 
hooked  spine  on  the  dorsal  surface  of  each 
lobe;  stamens  5,  hypogynous;  styles  1,  with  2 
(3)  stigmas;  fruit  compressed;  seed  horizontal. 

Bassia  hyssopifolia  (Pallas)  Kuntze  [Sal- 
sola  hyssopifolia  Pallas;  Echinopsilon  hys- 
sopifolius  (Pallas)  Moq.  in  DC;  Kochia  hys- 
sopifolia (Pallas)  Schrad.].  Annual  herbs,  the 
main  stem  erect,  the  lower  lateral  ones  often 
decumbent,  2-10  dm  tall;  herbage  more  or 
less  lanate,  especially  in  inflorescence;  leaves 
4-40  mm  long,  1-5  mm  wide,  linear  to  ob- 
long narrowly  oblanceolate;  flowers  clustered 
in  terminal  or  lateral  spikes,  or  solitary  in 
leaf  axils;  floral  bracts  reduced;  pistillate  and 
sterile  flowers  mixed  with  perfect  ones;  fruit- 
ing calyx  ca  2  mm  wide,  each  lobe  with  a 
stout  curved  to  uncinate  spine;  pericarp 


membranous,  planoconvex.  Commonly  on  sa- 
line substrates,  often  in  riparian  or  palustrine 
habitats,  in  saltgrass,  greasewood,  horsebrush, 
shadscale,  and  cottonwood-tamarix  commu- 
nities at  850  to  2380  m  in  most,  if  not  all, 
Utah  counties;  adventive  from  Eurasia;  .34 
(vii).  This  species  forms  apparent  intergeneric 
hybrids  with  Kochia  scoparia,  from  which 
Bassia  differs  in  having  spines  on  the  sepals 
instead  of  horizontal  flattened  processes, 
inter  alia. 


Beta  L. 

Glabrous  annual  or  biennial  herbs;  leaves 
alternate,  petiolate,  essentially  entire;  flowers 
perfect,  solitary  or  borne  in  few-flowered 
cymes,  these  arranged  in  spicate  terminal  or 
axillary  spikes;  sepals  5;  stamens  5;  ovary 
partially  inferior,  connate  with  receptacle  in 
fruit;  stigmas  2  or  3;  fruits  adhering,  fused  by 
the  swollen  perianth  and  receptacle;  seeds 
horizontal. 

Beta  vulgaris  L.  Stems  mainly  4-10  dm 
tall  or  more;  basal  leaves  well  developed, 
long-petiolate,  the  blades  mainly  5-25  cm 
long,  2-10  cm  wide,  undulate-crisped;  in- 
florescence elongate,  with  lower  bracts 
prominent;  sepals  incurved  in  fruit.  Culti- 
vated food  plant,  occasionally  escaping  but 
not  persisting,  mainly  below  2135  m  in  much 
of  Utah;  introduced  from  Europe;  7  (0).  This 
is  the  beet  of  commerce,  including  the  red 
table  beet  and  sugar  beet.  The  latter  was  a 
major  cash  crop  in  Utah  until  the  1960s. 
Swiss  chard,  grown  for  use  as  a  potherb,  is  a 
cultivar  of  this  species. 


Ceratoides  Gagnebin 

Monoecious  tomentose  shrubs;  leaves  alter- 
nate, entire;  staminate  flowers  ebracteate, 
with  calyx  4-lobed;  stamens  4;  pistillate  flow- 
ers lacking  a  perianth,  enclosed  in  2  villous- 
pilose,  partially  connate  bracteoles,  the  tips 
divergent  and  hornlike;  styles  2,  slender;  per- 
icarp thin,  free  from  the  seed.  [Eurotia 
Adans.;  Krascheninnikovia  Gueldenstaedt]. 
Howell,  J.  T.  A  new  name  for  winterfat.  Wasmann  ]. 
Biol.  29:105.  1971. 

Ceratoides  lanata  (Pursh)  J,  T.  Howell 
Winterfat;  White-sage.  [Diotis  lanata  Pursh; 
Eurotia  lanata  (Pursh)  Moq.].  Shrubs,  woody 
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for  0.2-8  dm  above  ground  (or  more),  and 
with  numerous  annual  branchlets  mainly 
0.5-3  (5)  dm  long;  herbage  stellate-hairy, 
commonly  with  longer  straight  hairs  inter- 
mixed, the  hairs  white  or  becoming  yellowish 
in  age;  leaves  1-4.5  cm  long,  1-6.5  mm  wide, 
linear  to  narrowly  lanceolate,  entire,  revolute 
to  almost  flat,  sessile  above,  short-petiolate 
below;  flowers  borne  in  dense  axillary  clus- 
ters or  more  or  less  spicate  along  branch  tips; 
pistillate  flowers  2-4  per  axil;  staminate 
flowers  in  spicate  axillary  clusters,  the  per- 
ianth segments  1.5-2  mm  long;  fruiting 
bracts  3-6  mm  long,  obscured  by  the  long 
covering  hair.  Shadscale,  black  sagebrush, 
sagebrush,  bullgrass,  sagebrush,  and  pinyon- 
juniper  communities  at  730  to  2840  m, 
known  in  all  Utah  counties  except  Salt  Lake, 
Summit,  Davis,  Morgan,  and  Weber;  Yukon 
to  Saskatchewan,  south  to  California,  New 
Mexico,  and  Texas;  105  (ix).  Three  weakly 
differentiated  morphological  phases  of  win- 
terfat  are  present  in  Utah.  The  common  and 
most  widely  distributed  phase  (var.  lanata)  is 
woody  only  at  the  base,  has  erect  annual 
growth,  and  is  moderately  long-hairy  as  well 
as  stellate.  In  Washington  County  and  to  a 
lesser  extent  in  Kane  County  (mainly  along 
Lake  Powell)  is  a  definitely  woody  plant  with 
divaricate  branches,  which  tend  to  persist  as 
blunt  thorns.  The  pubescence  consists  of  a 
preponderance  of  stellate  hairs,  with  few  or 
none  of  the  long  slender  ones  being  present. 
These  plants  are  known  as  var.  subspinosa 
(Rydb.)  J.  T.  Howell  [Eurotia  subspinosa 
Rydb.,  type  from  Washington  County].  A 
third  phase  is  present  in  Grand  and  San  Juan 
counties,  where  it  grows  in  sandy  parks  sur- 
roimded  by  monoliths.  The  stems  are  woody 
for  a  distance  of  up  to  8  dm  or  more,  but  the 
branching  or  current  annual  growth  is  erect 
as  in  var.  lanata  and  the  pubescence  is  inter- 
mediate between  that  of  var.  subspinosa  and 
var.  lanata.  This  latter  plant  is  here  desig- 
nated as  var.  ruinina  Welsh  var.  nov.  Similis 
Ceratoides  lanata  var.  lanata  in  ordinatem 
ramifacatem  sed  caulibus  lignosis  usque  ad  8 
dm  altis  et  pubescentibus  longis  paucioribus 
differt.  Type.—  USA.  Utah.  San  Juan  County; 
T32S,  R18E,  S13,  Beef  Basin,  Ruin  Park, 
2013  m  elev.,  parkland  in  pinyon-juniper 
community  on  sand  alluvium,  2  August  1983, 
S.  L.  Welsh  &  B.  T.  Welsh  22377  (Holotype 


BRY;  isotypes  NY;  US;  CAS;  POM).  Addi- 
tional specimens:  Utah.  San  Juan  County; 
Chesler  Park,  T31S,  R19E,  S5,  Sandy  rolling 
grassland,  fringed  with  juniper  and  pinyon, 
1708  m  elev.,  14  Sept.  1964,  S.  L.  Welsh,  G. 
Moore,  &  M.  Olsen  3730  (BRY);  do,  ca  15  mi 
SE  of  La  Sal  Jet.,  along  power  transmission 
line,  sandy  soil,  Bouteloua  grassland,  30  June 
1970,  L.  C.  Higgins  3550  (BRY).  Grand 
County;  Landscape  Arch,  Arches  National 
Monument,  28  Sept.  1963,  S.  L.  Welsh  &  G. 
Moore  2763  (BRY);  do,  near  trail  to  Sand 
Dune  Arch  and  Broken  Arch,  Arches  Nation- 
al Park,  14  July  1972,  J.  S.  Allan  130  (BRY). 
This  variety,  named  for  Ruin  Park,  is  a  strik- 
ing phase  of  the  species,  with  individuals  in 
the  populations  exceedin  12  dm  in  height.  All 
phases  are  considered  as  valuable  browse 
plants  for  livestock,  especially  for  sheep. 

Chenopodium  L. 

Annual  herbs,  glabrous,  pubescent,  glandu- 
lar, or  farinose  (mealy);  leaves  alternate,  flat, 
entire,  toothed,  or  lobed;  flowers  perfect  or 
some  pistillate  only,  ebracteate,  usually  in 
cymes,  variously  arranged  in  spicate  or  pan- 
iculate inflorescences;  calyx  segments  usually 
4  or  5,  persistent,  flat  or  keeled,  more  or  less 
covering  the  fruit,  rarely  becoming  fleshy; 
stamens  commonly  5;  styles  2  (3);  seeds  len- 
ticular, horizontal  or  vertical.  Note:  The 
genus  is  notoriously  complex  for  several  rea- 
sons. The  floral  features  are  greatly  reduced 
and  diagnostic  characteristics  are  often  based 
on  either  vegetative  structures  or  on  minutae 
of  calyx,  pericarp,  and  seed  coat,  which  are 
often  subject  to  interpretation  and  might  be 
demonstrated  ultimately  as  trivial.  No- 
menclature is  tangled  both  within  the  native 
and  introduced  entities,  leading  to  taxonomic 
treatments  that  do  not  satisfactorily  represent 
the  taxa  as  represented  by  actual  specimens. 
Further,  there  is  variability  within  the  diag- 
nostic features  leading  to  contradictory  stat- 
ments  in  taxonomic  treatments,  e.  g.,  with  re- 
gard to  such  characters  as  adherent  versus 
nonadherent  pericarps.  Thus,  the  treatment 
presented  below  attempts  to  provide  names 
for  the  taxa  recognizable  in  Utah  based  on 
examination  of  actual  specimens.  The  entities 
seem  to  be  real,  but  the  names  might  be  mis- 
applied in  some  cases. 
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Bassett,  IJ.  and  C.  W.  Crompton.   1982.      Wahl,  H.  A.   1954.  A  preliminary  study  of 
The  genus  Chenopodium  in  Canada.  the    genus    Chenopodium     in    North 

Canad.  J.  Bot.  60:586-610.  America.  Bartonia  27:1-46. 

1.  Plants  with  yellow  glands  or  glandular  hairs,  not  farinose,  aromatic 2 

—  Plants  glabrous  or  farinose,  eglandular,  not  aromatic  3 

2(1).         Flowers  solitary  in  small  cymes,  these  spreading-recurved  along  the  axis  of  an 

elongate  panicle;  plants  common  C.  botrys 

—  Flowers  in  small  sessile  clusters,  borne  in  bracteate  panicles;  plants  rare 

C.  ambrosioides 

3(1).         Seeds  all,   or  at   least   some,   vertical   in   the   flowers   (except   sometimes   in 

C.  glaucum,  keyed  both  ways)  4 

—  Seeds  usually  all  horizontal  6 

4(3).  Leaves  mainly  0.5-2  cm  long,  2-7  mm  wide,  irregulary  dentate,  glaucous- 
farinose  beneath  C.  glaucum 

—  Leaves  mainly  larger  and  often  hastately  lobed,  green  or  reddish  beneath  5 

5(4).         Flowers  in  elongate  axillary  clusters,  these  forming  erect  or  steeply  ascending 

compact  panicles;  plants  commonly  palustrine  C.  rubrum 

—  Flowers  in  subglobose  axillary  clusters,  these  forming  bracteate  spikes;  plants 
usually  montane C.  capitatum 

6(3).         Leaves   0.5-2   mm    long,    2-7    mm    wide,    sinuate-dentate,    glaucous-farinose 

beneath C.  glaucum 

—  Leaves  various,  but  not  simultaneously  as  above 7 

7(6).         Larger  cauline  leaves  more  or  less  cordate  to  truncate  basally,  often  over  4  cm 

wide,  glabrous;  sepals  not  keeled  dorsally;  panicles  large  and  open C.  hybridtim 

—  Larger  cauline  leaves  with  bases  various,  but  seldom  as  above,  and  less  than  4 

cm  wide,  often  farinose  beneath;  sepals  usually  keeled  8 

8(7).         Larger  cauline  leaf  blades  mainly  3-5  or  more  times  longer  than  wide,  entire 

or  with  a  pair  of  basal  lobes  9 

—  Larger  cauline  leaf  blades  mainly  1-3  times  longer  than  broad,  hastately  lobed, 
toothed,  or  entire 10 

9(8).         Leaves  1-veined,  linear,  entire;  pericarp  adherent  to  the  seed C.  leptophyllum 

—  Leaves  3-veined  (at  least  near  the  base  in  larger  ones),  entire  or  with  2  basal 
lobes;  pericarp  not  adherent  to  the  seed C.  dessicatum 

10(8).  Leaf  blades  hastately  lobed  (the  lobe  sometimes  again  lobed  or  toothed),  or 
oval  to  elliptic  and  entire,  or  rarely  with  one  or  more  teeth  on  the  apical  larger 
lobe;  calyx  lobes  obscurely  or  narrowly  membranous-margined;  plants 
indigenous 11 

—  Leaf  blades  sinuate  dentate,  ovate  to  lanceolate,  or  entire;  calyx  lobes  with 
broad  scarious  margins;  plants  adventive  12 

11(10).     Leaf  blades  not  hastately  lobed;  pericarp  usually  adherent;  plants  usually  of 

upper  middle  to  higher  elevations  C.  atrovirens 

—  Leaf  blades  often  hastately  lobed;  pericarp  not  adherent;  plants  of  wide 
altitudinal  range  C.  fremontii 

12(10).     Fruits  sharply  angled  on  the  margin;  seed  coat  with  minute  rounded  pits; 

plants  uncommon  in  Washington  and  Sevier  counties C.  murale 

—  Fruits  rounded  to  obtuse  on  the  margin;  seed  coat  smooth  to  sculptured;  plants 
common  or  uncommon,  of  various  distribution  C.  album 
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Chenopodiutn  album  L.  Lambsquarter; 
pigweed.  Erect  annual  herbs,  the  stems  red- 
striate,  1-10  dm  tall  or  more,  simple  or  more 
commonly  branched;  herbage  more  or  less 
farinose,  at  least  when  young;  leaves  petiol- 
ate,  the  blades  1-6.5  cm  long,  0.5-5.6  cm 
wide,  ovate  to  rhombic-ovate  or  lanceolate, 
sinuate-dentate  and  often  subhastately  lobed 


or  the  upper  (rarely  all)  entire;  flowers  in 
dense  glomerules,  these  spicate  in  upper 
axils;  calyx  with  keeled  lobes,  enclosing  the 
fruit;  pericarp  adherent;  seeds  horizontal, 
rounded  marginally,  smooth  to  sculptured, 
black,  1-1.5  mm  wide.  Two  phases  are  pres- 
ent, which  have  been  given  taxonomic 
recognition. 


Seeds  sculptured,  alveolate-reticulate,  or  reticulate  C.  album  var.  berlandieri 

Seeds  smooth  or  faintly  striate C.  album  var.  album 


Var.  album  Weedy  species  of  disturbed 
habitats  at  850  to  2265  m,  probably  in  all 
Utah  counties;  widespread  in  North  America; 
adventive  from  Eurasia;  53  (v).  N  =  27.  This 
taxon  has  been  confused  with  C.  fremontii, 
q.v.,  but  in  those  plants  having  mature  fruits 
the  adherent  pericarps  are  diagnostic. 

Var.  berlandieri  (Moq.)  Mack.  &  Bush  [C. 
berlandieri  Moq.;  C.  berlandieri  ssp.  zschackei 
(Murr.)  Zobel;  C.  zschackei  Murr.]  Weedy  or 
pioneer  plants  of  disturbed  substrates  in  sev- 
eral plant  communities  at  1280  to  2585  m  in 
Duchesne,  Grand,  Juab,  Millard,  San  Juan, 
Sevier,  and  Utah  counties;  widespread  in 
North  America;  8  (v).  N  =  18.  The  speciman 
from  Utah  county  (Welsh  3798  BRY)  has  the 
fruit  nonadlierent. 

Chenopodiutn  ambrosioides  L.  Mexican- 
tea.  Aromatic  annual  herbs;  stems  erect  or  as- 
cending, mainly  4-10  dm  tall;  herbage  pub- 
escent and  with  sessile  glands;  leaves  short- 
petioled,  the  blades  2-10  cm  long,  3-30  mm 
wide  (or  more?),  usually  lanceolate,  dentate 
to  laciniate;  inflorescence  paniculate,  the 
cymes  sessile  on  ultimate  branches,  usually 
bracteate;  calyx  united  to  the  middle  or 
above;  seeds  0.5-0.8  mm  wide.  Ruderal  and 
garden  weeds  of  Utah  and  Washington  coun- 
ties; widespread  in  tropical  and  temperate 
New  World;  adventive  from  Mexico;  2  (0). 

Chenopodium  atrovirens  Rydb.  Mountain 
Goosefoot.  [C.  fremontii  var.  atrovirens 
(Rydb.)  Fosberg;  C.  hians  Standi.;  C.  in- 
cognitum  Wahl].  Plants  mainly  2-75  cm  tall, 
the  stems  erect  or  steeply  ascending,  usually 
branched;  herbage  sparingly  scurfy  to 
glabrous;  leaves  petiolate,  the  blades  0.6-4 
cm  long,  2-23  mm  wide,  lanceolate  to  ovate, 
entire  or  obscurely  hastately  lobed,  otherwise 
entire,  obtuse  basally;  flowers  clustered  in 
leaf  axils  or  in  interrupted  terminal  spikes, 


the  lower  ones  subtended  by  foliose  bracts, 
becoming  ebracteate  upward;  perianth  lobes 
free  to  below  the  middle,  keeled  dorsally; 
pericarp  adherent  or,  less  commonly,  not  ad- 
herent to  the  horizontal  rugulose  to  smooth, 
obtusely  margined  seed;  seeds  ca  0.9-1.3  (1.5) 
mm  wide.  2n=18.  Sagebrush,  pinyon-juni- 
per,  mountain  brush,  ponderosa  pine, 
Douglas  fir,  aspen-tall  forb,  and  spruce-fir 
communities  at  1705  to  3175  m  in  Beaver, 
Carbon,  Daggett,  Duchesne,  Emery,  Gar- 
field, Grand,  Rich,  Salt  Lake,  Sanpete,  Se- 
vier, Summit,  Utah,  and  Wasatch  counties; 
British  Columbia  to  Saskatchewan,  south  to 
California,  Nevada,  Colorado,  and  Iowa;  24 
(ii).  Relationship  of  this  species  probably  lies 
closer  to  the  leptophyllum  end  of  the  spec- 
trum. The  occasional  specimens  with  free 
pericarps  might  indicate  intermediacy  with 
C.  fremontii,  however.  There  has  been  little 
agreement  between  previous  authors  as  to 
whether  the  pericarp  was  adherent  or  not, 
but  in  the  specimens  examined  from  Utah, 
the  pericarps  are  usually  adherent. 

Chenopodium  botrys  L.  Jerusalem-oak. 
Aromatic  annual  herbs;  stems  commonly  1-5 
dm  tall,  erect  or  ascending,  usually  branched; 
herbage  glandular-villous;  leaves  petiolate, 
the  blades  sinuate-pinnatifid,  the  lobes  again 
toothed  or  lobed,  oblong  to  oval  in  outline; 
inflorescence  an  erect  panicle  of  loosely 
spreading-recurved  cymes,  mainly  shortly 
bracteate;  sepals  ca  1  mm  long;  seeds  hori- 
zontal or  vertical,  0.5-0.8  mm  wide,  dull, 
dark.  2n  =  18.  Widespread  ruderal  weedy 
species,  established  locally  in  indigenous 
communities,  especially  in  gravelly  washes  at 
760  to  1985  m  in  Beaver,  Cache,  Iron,  Juab, 
Millard,  Salt  Lake,  Sevier,  Utah,  and  Wash- 
ington counties;  widely  distributed  in  the 
U.S.;  adventive  from  Eurasia;  22  (iii). 
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Chenopodiwn  capitatum  (L.)  Asch.  Straw- 
berry-spinach. [Blitiim  capitatum  L.;  C.  overi 
Aellen  in  Fedde?;  C.  chenopodioides  authors, 
not  (L.)  Aellen].  Plants  mainly  1-4  dm  tall, 
the  stems  erect  or  decumbent-ascending, 
simple  or  more  commonly  branched  from  the 
base;  herbage  glabrous;  leaves  petiolate,  the 
blades  (1)  1.5-10  cm  long,  1-10  cm  wide, 
triangular-hastate  to  lanceolate,  shallowly  to 
deeply  toothed  or  subentire,  hastately  lobed 
or  the  upper  entire,  acute  to  obtuse  apically. 


often  turning  reddish;  flowers  clustered  in  ax- 
illary capitate  spikes,  the  lower  clusters  sub- 
tended by  foliose  bracts,  the  upper  ones  ebr- 
acteate  or  with  reduced  bracts;  perianth 
lobes  free  to  below  the  middle,  not  mealy, 
becoming  fleshy  and  reddish,  shorter  than  the 
fruit;  pericarp  adherent  to  the  erect  (or  less 
commonly  horizontal)  seed;  fruit  ca  1  mm 
long.  2n  =  18.  Two  varieties  are  present  in 
Utah. 


1.  Flower  clusters  often  over  5  mm  wide,  the  calyx  becoming  red  and  fleshy  at 

maturity;  plants  uncommon C.  capitatum  var.  capitatum 

—  Flower  clusters  commonly  less  than  5  mm  wide,  the  calyx  not  fleshy,  though 

sometimes  reddish  at  maturity;  plants  common  C  capitatum  var.  parvicapitatum 


Var.  capitatum  Gravelly  soil  in  lodgepole 
pine  forest,  north  slope  of  Uinta  Mts.  (Welsh 
&  Moore  6696  BRY),  Summit  County;  Alaska 
to  Quebec,  south  to  California,  New  Mexico, 
and  New  England;  1  (i). 

Var.  parvicapitatum  Welsh  var.  nov.  Sim- 
ills  Chenopodio  capitato  var.  capitato  sed  in 
capitulis  parvioribus  et  calycibus  ecarnosis 
differt.  Type:  USA.  Utah.  Beaver  County; 
T27S,  R6W,  S35,  Fish  Lake  Forest,  Tushar 
Momitains,  Indian  Creek,  ca  12  mi  due  NE  of 
Beaver,  2288  m,  mixed  conifer-aspen  stream- 
side  forest,  igneous  gravel,  28  June  1978,  S. 
L.  Welsh,  M.  Welsh,  &  E.  Welsh  17148 
(Holotype  BRY;  Isotypes  seven,  distributed 
previously  as  C.  rubrum  L.).  Additional  speci- 
mens: Utah.  Garfield  County;  pass  between 
Table  Cliff  Plateau  and  Escalante  Mts.,  Beck 
&  Tanner  sn  (BRY).  Millard  County;  Canyon 
Mts.,  6  mi  SSW  of  Scipio,  11  June  1980,  S. 
Goodrich  13993  (BRY).  Grand  County;  ca  19 
mi  NNE  of  Thompson,  Middle  Willow 
Creek,  9  August  1977,  S.  Welsh  &  S.  White 
15853  (BRY).  Summit  County;  Soapstone,  12 
July  1928,  W.  P.  Cottam  3779  (BRY). 
Wasatch  County;  Strawberry  Valley,  Mud 
Creek,  30  July  1964,  V.  B.  Matthews  123 
(BRY).  Utah  Coimty;  Mt.  Timpanogos,  Tim- 
panogos  Lodge  area,  13  June  1974,  K.  Allred 
854  (BRY).  Mountain  brush,  ponderosa  pine, 
aspen,  and  spruce-fir  communities  at  1860  to 
3050  m  in  Beaver,  Cache,  Carbon,  Daggett, 
Duchesne,  Garfield,  Grand,  Iron,  Juab,  Kane, 
Millard,  Salt  Lake,  Sanpete,  Summit,  Tooele, 
Uintah,  and  Utah  counties;  British  Columbia 


to  Saskatchewan,  south  to  California,  Ne- 
vada, and  Colorado;  60  (xiv).  This  common 
plant  of  montane  habitats  has  been  identified 
variously  as  C.  capitatum  or  C  ruhrum,  and, 
more  recently,  as  C.  chenopodioides  (L.)  Ael- 
len. The  latter  plant  is  a  portion  of  the  flora 
of  the  Soviet  Union  and  might  represent 
nothing  more  than  phases  of  C.  rubrum  sensu 
lato.  Certainly  the  description  provided  for 
that  entity  (Flora  SSSR  6:51.1936)  is  not  of 
our  specimens,  and  neither  is  the  habitat 
cited  (i.e.,  "wet  solonchaks").  The  name 
given  here  is  for  the  purpose  of  providing  an 
unequivocal  epithet  for  this  montane  western 
American  phase  of  C.  capitatutn. 

Chenopodium  dessicatum  A.  Nels.  Desert 
Goosefoot.  [C.  pratericola  Rydb.;  C.  petiolare 
var.  leptophylloides  Murr.;  C.  leptophijUum 
var.  dessicatum  (A.  Nels.)  Aellen;  C.  lepto- 
phyllum  var.  oblongifolium  Wats.;  C.  prateri- 
cola var.  oblongifolium  (Wats.)  Wahl].  Plants 
mainly  3-8  dm  tall,  the  stems  erect,  simple  or 
branched;  herbage  commonly  more  or  less 
scurfy;  leaves  petiolate,  the  blades  mostly 
1.3-6  cm  long  and  2-10  (15)  mm  wide,  linear 
to  narrowly  lanceolate  or  elliptic,  entire  or 
less  commonly  hastately  lobed,  cuneate  ba- 
sally;  flowers  clustered  in  terminal  or  axillary 
spicate  panicles;  perianth  lobes  free  to  below 
the  middle,  keeled  dorsally;  pericarp  not  ad- 
herent to  the  horizontal  smooth  to  rugulose, 
obtusely  margined  seed;  seeds  0.9-1.2  mm 
wide.  2n=18.  Shadscale,  hopsage,  rabbit- 
brush,  tamarix-poplar,  sagebrush,  and  pinyon- 
juniper   communities  at   850   to    1925   m   in 
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Duchesne,  Emery,  Garfield,  Grand,  Kane, 
Salt  Lake,  San  Juan,  Uintah,  Utah,  Washing- 
ton, and  Wayne  counties;  Yukon  to  Mani- 
toba, south  to  California,  New  Mexico,  and 
Nebraska;  26  (iii).  Material  assigned  to  C. 
dessicatum  in  a  strict  sense,  as  distinct  from 
C.  pratericola  in  a  strict  sense,  has  perianth 
lobes  covering  the  mature  fruit,  as  opposed 
to  having  the  fruit  not  covered.  The  dis- 
tinction is  not  great.  Reduction  of  this  taxon 
to  C.  leptophylluin  (as  var.  oblongifolium) 
begs  the  question  of  a  probably  nearer  rela- 
tionship to  C.  fremontii,  with  which  it  shares 
nonadherent  pericarp  and  broader,  more 
veined  leaves.  Furthermore,  apparent  inter- 
mediates between  C.  fremontii  and  C  des- 
sicatum  exist.  The  entire  complex  is  in  need 
of  monographic  study. 

Chenopodium  fremontii  Wats.  Fremont 
Goosefoot.  Plants  mainly  1-8  (12)  dm  tall, 
the  stems  erect  or  ascending,  usually 
branched;  herbage  more  or  less  scurfy  to 
glabrous;  leaves  petiolate,  the  blades  0.6-5 
(6)  cm  long,  and  about  as  broad,  less  com- 
monly 2-3  times  longer  than  broad,  triangu- 
lar-ovate to  ovate  or  lanceolate,  commonly 
hastately  lobed,  the  lobes  often  again  lobed 


or  toothed,  otherwise  entire  or  rarely  with  1 
or  few  teeth  on  the  main  apical  lobe,  broadly 
cuneate  to  subcordate  basally;  flowers  clus- 
tered in  large  terminal  and  smaller  lateral 
spikes,  scurfy;  perianth  lobes  free  to  below 
the  middle,  keeled  dorsally;  pericarp  not  ad- 
herent to  the  horizontal,  smooth  to  rugulose, 
obtusely  margined  seed;  seeds  0.9-1.2  mm 
wide.  N  =  9.  This  closely  interrelated  com- 
plex of  forms  involves  the  linear-leaved  C. 
leptophyUum  (q.v.)  at  one  end  of  the  spec- 
trum and  the  broad-leaved  phases  of  C.  fre- 
montii  at  the  other  end  (and  with  both  C  at- 
rovirens  and  C.  dessicatum,  inter  alia,  be 
tween  the  extremes).  The  intervening  plants 
have  been  regarded  as  species  or  some  of 
them  have  been  placed  within  expanded  spe- 
cies concepts  at  both  ends  of  the  series.  The 
course  followed  herein  is  a  compromise  be- 
tween having  one  all-inclusive  species,  with 
numerous  varieties,  and  that  of  recognition  of 
all  of  the  named  entities  at  specific  level.  The 
proposed  treatment  attempts  to  represent  the 
major  taxa  as  they  occur  in  Utah;  the  synony- 
my might  not  be  properly  applied  in  all 
cases. 


Plants  mainly  less  than  25  cm  tall,  branching  from  the  base,  the  curved  ascend- 
ing branches  subequal  to  the  main  stem;  leaves  more  or  less  white-farinose,  at 

least  beneath C.  fremontii  var.  incanum 

Plants  0.5-8  dm  tall,  variously  branched,  but  if  as  above,  the  lateral  branches 

much  shorter  than  the  main  stem;  leaves  white-  farinose  to  glabrous 

C.  frernontii  vslt.  fremontii 


Var.  incanum  Wats.  [C.  incanum  (Wats.) 
Heller;  C.  watsonii  of  authors,  not  A.  Nels.?]. 
Blackbrush,  salt  desert  shrub,  pinyon-juniper, 
mountain  brush,  and  ponderosa  pine  commu- 
nities at  850  to  2350  m  in  Carbon,  Duchesne, 
Emery,  Garfield,  Juab,  Kane,  Piute,  Salt 
Lake,  Tooele,  Uintah,  Wayne,  and  Washing- 
ton counties;  Nevada  to  Nebraska,  south  to 
Texas  and  Mexico;  28  (iii).  The  variety  is 
transitional  to  the  next. 

Var.  fremontii  Blackbrush  (and  other 
warm  desert  shrub),  salt  desert  shrub,  sage- 
brush, mountain  brush,  pinyon-juniper,  as- 
pen, and  spruce-fir  commimities  at  850  to 
3050  m  in  Beaver,  Carbon,  Daggett,  Duch- 
esne, Emery,  Garfield,  Grand,  Juab,  Piute, 
Salt  Lake,  San  Juan,  Sevier,  Summit,  Tooele, 
Uintah,  Utah,  Washington,  Wayne,  and  We- 
ber counties;  British  Columbia  to  Manitoba, 


south  to  California  and  Mexico;  63  (xix). 
Specimens  assigned  here  are  not  uniform 
with  regard  to  leaf  shape,  plant  height,  and 
openness  of  the  inflorescence.  More  work  is 
indicated. 

Chenopodium  glaucum  L.  Oakleaf  Goose- 
foot.  [C.  salinum  Standi.].  Plants  mainly  3-30 
cm  long,  the  stems  prostrate  to  ascending  or 
erect,  usually  branched;  herbage  farinose,  es- 
pecially on  lower  leaf  surfaces;  leaves  shortly 
petiolate,  the  blades  4-25  mm  long,  2-10  mm 
wide,  lanceolate  to  oblong  or  ovate,  coarsely 
sinuate-dentate;  flowers  in  clusters  in  numer- 
ous short,  bracteate  or  ebracteate,  axillary 
spikes  and  a  terminal  spicate  panicle;  per- 
ianth cleft  almost  to  base,  not  enclosing  the 
fruit;  pericarp  not  adherent  to  the  seed;  seeds 
horizontal  or  vertical,  0.8-1.3  mm  wide, 
smooth.  N  =  9.  Often  in  saline  substrates  on 
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lake  shores  and  stream  banks,  in  sedge-rush, 
tamarix-sedge,  rabbitbnish,  pinyon-juniper, 
and  aspen  to  spruce-fir  communities  at  1220 
to  2745  m  in  Cache,  Carbon,  Duchesne,  Gar- 
field, Grand,  Kane,  Millard,  Salt  Lake,  San- 
pete, Sevier,  Uintah,  Utah,  and  Wayne  coun- 
ties; widespread  in  U.S.  and  Canada;  Eurasia; 
26  (xiv).  Our  material  is  assignable  to  var. 
salinum  (Standi.)  B.  Boi.,  on  the  basis  of  its 
larger  fruits  (0.8-1.3  mm,  not  0.6-0.9  mm). 

Chenopodium  hybridum  L.  Mapleleaf 
Goosefoot.  [C.  gigantosperumiim  Aellen]. 
Plants  mainly  2-10  dm  tall,  the  stems  erect, 
simple  or  branched;  herbage  glabrous,  except 
in  inflorescence;  leaves  alternate  or  the  lower 
often  opposite,  long  petiolate,  the  blades 
commonly  1.7-10  cm  long,  1.2-10  cm  wide, 
ovate  to  deltoid  ovate,  sinuate-dentate  to  -lo- 
bate,  with  2-4  teeth  or  lobes,  cordate  to  trun- 
cate or  obtuse  basally;  flowers  in  small 
cymes,  these  arranged  in  large  terminal  and 
smaller  axillary  panicles,  more  or  less  farinose 
and  often  sparingly  glandular;  perianth  cleft 
nearly  to  the  base,  not  strongly  keeled  dor- 
sally;  pericarp  not  or  moderately  adherent; 
seeds  1.2-1.9  mm  wide,  with  obtuse  margin, 
smooth  or  somewhat  sculptured.  2n=18. 
Sagebrush,  pinyon-juniper,  mountain  brush, 
ponderosa  pine,  and  aspen  commimities,  less 
commonly  in  riparian  or  palustrine  habitats, 
at  1280  to  2135  m  in  Beaver,  Cache,  Millard, 
Salt  Lake,  Sanpete,  Summit,  Tooele,  Utah, 
and  Weber  counties;  widely  distributed  in 
U.S.  and  Canada;  Europe;  12  (iv).  Our  speci- 
mens have  been  identified  as  var.  gigantos- 
permum  (Aellen)  Rouleau,  on  the  basis  of  the 
seed  being  less  sculptured  than  in  typical  Eu- 
ropean material.  Plants  of  this  species  formed 
huge  stands  in  bunied  over  sagebrush  and  as- 
pen commimities  in  Summit  County  in  1963. 

Chenopodium  leptophyllum  (Moq.)  Wats. 
Narrowleaf  Goosefoot.  [C.  album  var.  lepto- 
phyUiim  Moq.].  Plants  mainly  12-70  cm  tall, 
erect  or  the  branches  ascending,  simple  or 
branched;  leaves  short-petiolate,  the  blades 
mainly  0.7-4  cm  long,  1-5  (7)  mm  wide,  lin- 
ear to  narrowly  oblong  or  narrowly  lanceol- 
ate, 1-veined,  cimeate  to  acute  basally,  en- 
tire; flowers  in  loose  to  compact  cymes 
aggregated  into  terminal  or  axillary  spicate 
panicles;  perianth  lobes  cleft  to  well  below 
the  middle,  keeled  dorsally;  pericarp  adher- 
ent; seeds  horizontal,  0.9-1.1  mm  wide, 
black,    finely    rugulose    to    smooth.    2n  =  18. 


Shadscale,  greasewood,  rabbitbrush,  tamarix, 
sagebrush,  fringed  sagebrush,  mountain 
brush,  and  aspen  communities  at  1125  to 
2900  m  in  Cache  (?),  Carbon,  Daggett,  Duch- 
esne, Garfield,  Grand,  Piute,  Salt  Lake,  San 
Juan,  Summit,  Tooele,  Uintah,  and  Wayne 
counties;  British  Columbia  to  Saskatchewan, 
south  to  California  and  Mexico;  34  (xiii).  The 
1-veined,  narrow  leaf  blades  and  adherent 
pericarps  are  apparently  definitive  for  this 
plant. 

Chenopodium  murale  L.  Nettleleaf  Goose- 
foot.  Plants  mainly  2-5  dm  tall,  the  stems 
erect  or  with  branches  ascending;  herbage 
glabrous  or  sparingly  farinose,  especially  in 
inflorescences;  leaves  petiolate,  the  blades 
1-5  (7)  cm  long  and  as  broad  or  nearly  so, 
ovate  to  oval  or  lanceolate,  irregularly  si- 
nuate-dentate and  some  often  subhastate,  cu- 
neate  to  subcordate  basally;  flowers  sessile 
and  solitary  to  clustered  in  axillary  or  termi- 
nal panicles  not  much,  if  at  all,  surpassing  the 
leaves;  perianth  lobes  free  to  below  the 
middle,  keeled  dorsally;  pericarp  adherent  to 
the  horizontal,  rugulose  to  smooth,  sharply 
margined  seed;  seeds  1-1.5  mm  long.  2n=  18. 
Ruderal  weeds  at  730  to  1620  m  in  Sevier 
and  Washington  counties;  widespread  in  U.S. 
and  Canada;  adventive  from  Eurasia;  5  (0). 

Chenopodium  rubrum  L.  Red  Goosefoot. 
Plants  mainly  0.5-10  dm  tall,  erect,  simple  or 
with  steeply  ascending  branches;  herbage 
glabrous  or  somewhat  villous  in  in- 
florescence; leaves  petiolate,  the  blades  0.7-9 
cm  long,  0.4-7  cm  wide,  trianglular  to  ovate, 
lanceolate,  or  elliptic,  sinuate-dentate  or  - 
lobed,  some  often  subhastate,  fleshy  and  often 
suffused  with  red;  flowers  sessile,  the  clusters 
borne  in  simple  or  branched  axillary  and  ter- 
minal spicate  panicles;  perianth  lobes  cleft  to 
the  middle  or  below,  rounded  or  sometimes 
keeled  dorsally;  pericarp  not  adherent;  seeds 
nearly  always  vertical,  oval  in  outline,  0.7-1 
mm  long.  2n=18.  Saline  moist  substrates  in 
palustrine  and  riparian  habitats  at  1280  to 
2440  m  in  Box  Elder,  Cache,  Daggett,  Duch- 
esne, Salt  Lake,  Uintah,  and  Utah  counties; 
widespread  in  U.S.  and  Canada;  Eurasia;  18 
(i)- 

CORISPERMUM  L. 

Annual  herbs,  often  pubescent  with  stellate 
hairs;     leaves     alternate,     sessile,     entire. 
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1 -veined;  flowers  perfect,  solitary  or  clus- 
tered in  bract  axils,  arranged  in  dense  or  lax 
spikes;  perianth  segments  1-3,  minute,  un- 
equal, the  posterior  one  largest,  erect,  1- 
nerved,  scarious;  stamens  1-3  (5);  stigmas  2, 
connate  basally;  achenes  strongly  flattened, 
plano-convex,  indurate,  the  margin  winged  or 
acute. 

Corispermum  villosum  Rydb.  Bugseed; 
tickseed.  [C.  hyssopifolium  authors,  not  L.;  C. 
nitidiim  authors,  not  Kit  in  Schult.;  C.  im- 
bricatum  A.  Nels.;  C.  emarginatum  Rydb.;  C. 
marginale  Rydb.;  C.  simplicissimum  Lun- 
nel?].  Stems  mainly  8-50  cm  tall,  commonly 
branched  throughout,  the  lower  branches  of- 
ten curved-ascending  to  ascending,  usually 
reddish;  herbage  glabrous  or  sparsely  to  den- 
sely pubescent  with  soft,  branched  hairs; 
leaves  alternate,  sessile,  semicylindric  and 
more  or  less  involute  or  subulate,  mostly 
0.8-6  cm  long,  0.5-3  mm  wide,  apiculate;  in- 
florescence slender  and  elongate  or  compact, 
the  bracts  broadly  scarious-margined,  with 
the  lower  ones  narrower  or  broader  than  the 
fruit,  the  upper  ones  usually  broader  than  the 
fruit;  perianth  mostly  consisting  of  a  single 
posterior  erose  segment  (rarely  with  2  addi- 
tional small  anterior-lateral  segments);  sta- 
mens 3-5;  fruit  2.2-4.1  mm  long,  1.6-2.6  mm 
wide,  oval  to  suborbicular,  smooth,  glabrous, 
brownish;  wings  opaque,  stramineus,  one- 
eighth  to  one-fifth  as  wide  as  the  body.  Usu- 
ally in  sand,  in  ephedra,  four-wing  saltbush, 
rabbitbrush,  scurfpea,  and  pinyon-juniper 
commiuiities,  at  1065  to  1955  m  in  Duch- 
esne, Garfield,  Grand,  Juab,  Kane,  Millard, 
San  Juan,  Uintah,  and  Wayne  counties;  Mon- 
tana and  North  Dakota,  south  to  Arizona, 
New  Mexico,  and  Texas;  20  (iv).  Our  speci- 
mens have  long  been  presumed  to  be  in- 
troduced and  conspecific  with  either  C.  hys- 
sopifolium L.  and/ or  C.  nitiditm  Kit.  in 
Schult.  While  the  details  of  those  taxa  are  re- 
ported in  contradictory  fashion  in  Flora  SSSR 
(6:146-149.  1936)  versus  the  Flora  Europaea 
(1:99-100.  1964),  it  seems  clear  that  our 
plants  cannot  be  C.  hyssopifolium,  which  is 
reported  to  have  flat  leaves.  The  description 
of  our  specimens  more  nearly  fits  that  of  C. 
nitidum,  but  that  plant  has  filiform  leaves, 
not  semicylindric  ones  as  in  ours.  Further, 
our  plants  grow  in  native  plant  communities 
and  are  not  weedy;  their  distribution  pattern 


is  that  of  numerous  other  indigenous  taxa. 
Plants  of  this  genus  were  described  historical- 
ly from  the  edge  of  civilization  and  beyond 
in  North  America  (Nuttall,  Genera  of  North 
American  Plants  1:4.  1818;  Hooker,  Flora 
Boreale  Americana  2:126.  1838;  Watson, 
Proc.  Amer.  Acad.  9:123.  1874).  Although 
not  definitive  evidence  of  nativity,  these  his- 
torical data  add  to  the  weight  of  evidence  for 
the  indigenous  nature  of  the  genus  in  North 
America.  Because  of  these  considerations  I 
have,  arbitrarily,  chosen  the  earliest  name 
available  at  specific  level  for  our  plants.  Both 
elongate  slender  and  short  broad  in- 
florescences are  represented  within  our  speci- 
mens, along  with  occasional  intermediates. 
There  is  little  correlatation  of  inflorescence 
type  with  other  morphological  features  or 
geography. 

Cycloloma  Moq. 

Annual  herbs;  stems  commonly  branched 
and  forming  rounded  clumps;  leaves  alter- 
nate, sinuate-dentate;  herbage  more  or  less 
pubescent,  eglandular;  inflorescence  a  pan- 
icle of  interrupted  spikes;  flowers  sessile;  per- 
ianth 5-lobed,  the  segments  in  fruit  with  a 
transverse  wing  on  the  back,  the  wings  con- 
nate and  completely  encircling  the  fruit;  sta- 
mens 5;  achenes  depressed;  seeds  horizontal. 

Cycloloma  atriplicifolia  (Spreng.)  Coult. 
Winged-pigweed.  [Salsola  atriplicifolia 
Spreng.].  Plants  mainly  0.8-5  dm  tall  (rarely 
more),  divaricately  branched,  the  stems 
striate,  loosely  and  sparingly  tomentulous, 
becoming  glabrate;  leaves  short  petioled  to 
sessile,  the  blades  1-8  cm  long,  2-15  mm 
wide,  coarsely  serrate-dentate,  acute  apically, 
cuneate  basally;  flowers  perfect  and  pistil- 
late; sepals  5,  keeled,  the  perianth  developing 
into  a  horizontal  wing;  wings  white-hyaline, 
lobed  or  toothed,  4-5  mm  in  diameter,  often 
red  or  purple  at  maturity;  ovary  tomentulose; 
styles  2  or  3;  fruit  enclosed  in  calyx;  seed  ca 
1.5  mm  wide,  black,  smooth;  pericarp  not  ad- 
herent. Sandy  habitats  in  blackbrush,  mixed 
desert  shrub,  and  juniper  communities  at  ca 
1125  to  1465  m  in  Garfield,  Grand,  Kane, 
San  Juan,  and  Wayne  counties;  Manitoba  and 
Indiana,  south  to  Arizona  and  Texas;  adven- 
tive  in  Europe;  10  (iii). 
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Grayia  H.  &  A. 

Dioecious  or  less  commonly  monoecious 
shnibs  or  subshnibs;  branches  more  or  less 
thorny;  axillary  buds  subglobose,  prominent; 
leaves  alternate,  entire;  herbage  or  pubescent 
with  simple  or  stellate  hairs;  flowers  in  termi- 
nal and  axillary  spicate  panicles,  imperfect; 
staminate  flowers  2-5  in  clusters  in  bract 
axils,  not  separately  bracteolate,  the  perianth 
4-  or  5-lobed,  subequal  to  the  4  or  5  stamens; 
pistillate  flowers  1 -several  per  bract,  often 
some  vestigial,  each  enclosed  by  2  connate 
bracteoles,  the  more  or  less  accrescent  brac- 
teoles  obcompressed,  the  margins  thickened 
and  spongy  within;  fmits  vertical;  stigmas  2. 

Grayia  spinosa  (Hook.)  Moq.  Hopsage. 
[Chenopodiiim  (?)  spinosum  Hook.;  G.  polyg- 
aloides  H.  &  A.].  Shrubs,  mainly  5-12  (15) 
dm  tall;  branches  gray  brown;  branchlets 
with  bark  exfoliating  in  long  strips;  pub- 
escent with  scurfy  and  stellate  hairs  when 
young,  often  spinose-persistent;  leaves  5-30 
mm  long  (or  more),  mainly  2-12  mm  wide, 
spatulate  to  oblanceolate,  entire,  tapering  to 
a  short  petiole;  staminate  flowers  with  usual- 
ly 4-lobed  perianth,  enclosing  the  4  stamens, 
1.5-2  mm  long;  pistillate  flowers  in  short  spi- 
cate inflorescences,  the  subtending  bracts  re- 
duced, enclosed  by  paired,  accrescent,  ob- 
compressed bracts,  orbicular  or  cordate,  the 
wings  tliickened  and  spongy  within,  6-15 
mm  wide,  greenish,  straw  colored,  or  suffused 
with  red.  Blackbrush,  other  warm  desert 
shrub,  shadscale,  horsebrush,  rabbitbrush, 
sagebrush,  and  pinyon-juniper  commimities 
at  760  to  2900  m  in  Beaver,  Box  Elder,  Dag- 
gett, Davis,  Duchesne,  Garfield,  Grand,  Juab, 
Kane,  Millard,  Piute,  San  Juan,  Sevier,  Uin- 
tah, Utah,  and  Washington  counties;  Wash- 
ington to  Montana,  south  to  California,  Ari- 
zona, and  New  Mexico;  91  (xvii).  This  is  a 
valuable  browse  plant  for  livestock,  espe- 
cially for  sheep.  Locally  it  is  called  "apple- 
bush"  because  of  its  palatability.  For  consid- 
eration of  relationship  to  G.  brandegei  see 
discussion  imder  Zuckia. 


Halogeton  C.  a.  Mey. 

Annual  herbs;  leaves  alternate,  fleshy  and 
sausagelike,  bearing  an  apical  slender  spine; 


flowers  perfect  or  partially  pistillate,  usually 
bracteolate;  perianth  of  5  segments,  free 
nearly  to  the  base,  embedded  in  white  hair, 
the  segments  gibbous,  winged  in  fruit;  sta- 
mens 2-5,  connate  basally  into  a  glandular, 
hypogynous  disk;  stigmas  2;  seeds  vertical, 
laterally  flattened,  adherent  to  the  pericarp. 

Halogeton  glomeratus  (Bieb.)  C.  A.  Mey. 
Halogeton.  [Anabasis  glomerata  Bieb.]. 
Plants  mainly  3-45  cm  tall  and  as  broad, 
glaucous,  usually  branched  from  the  base, 
with  curved-ascending  branches;  leaves 
mainly  3-15  mm  long  and  1-2  mm  thick, 
terete,  dilated  and  semiamplexicaul  basally, 
obtuse  and  terminating  in  a  deciduous  slen- 
der spine  ca  1-1.5  mm  long,  bearing  a  tuft  of 
hairs  and  fasicled  leaves  in  the  axils;  brac- 
teoles ovate;  perianth  segments  membranous, 
ovate  to  oblong,  1-veined,  with  lustrous, 
membranous,  fanlike,  veiny  wings  2-3  mm 
long  and  3-4  mm  wide;  stamens  united  into  2 
clusters  of  2  or  3,  with  1  anther  per  cluster; 
fruit  oval  to  obovate,  1.2-1.8  mm  long,  with 
an  erect  cusp  on  one  or  both  sides.  Mainly  in 
distvirbed  sites  in  cheatgrass,  Russian  thistle, 
salt  grass,  mixed  desert  shrub,  salt  desert 
shrub,  and  pinyon-juniper  communities  at 
1220  to  1985  m  in  most,  if  not  all,  Utah  coun- 
ties; widely  distributed  in  western  U.S.;  ad- 
ventive  from  Eurasia;  47  (x).  This  plant  was 
introduced  into  northern  Nevada  in  the  early 
1930s  (first  collected  in  1934),  possibly  for 
use  in  grazing  experiments.  It  spread  quickly 
into  the  desert  lands  of  Nevada  and  western 
Utah,  and  subsequently  into  eastern  Utah  and 
other  states.  The  plant  is  rich  in  oxalates  and 
poses  a  serious  threat  to  grazing  animals,  es- 
pecially to  sheep,  which  have  suffered  heavy 
death  losses  for  several  decades. 

KocHiA  Roth 

Annual  herbs  or  subshrubs;  leaves  alternate 
(or  some  opposite),  linear  to  narrowly  lan- 
ceolate, in  some  fleshy  and  terete;  flowers  1 
to  several,  sessile  in  axils  of  foliose  bracts, 
mostly  perfect,  5-merous,  the  perianth  lobes 
enclosing  the  fruit,  keeled  and  horizontally 
winged;  stamens  mostly  5;  stigmas  2  or  3; 
pericarp  thin,  free  from  the  horizontal, 
smooth  seed. 
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1.  Plants  subshnibs,  introduced  for  reclamation  K.  prostrata 

—  Plants  annual  or  perennial  herbs,  woody,  if  at  all,  only  at  the  base  2 

2(1).  Plants  annual,  introduced  weeds  of  disturbed  habitats  K.  scoparia 

—  Plants  perennial,  woody  at  the  base,  indigenous  in  saline  habitats  K.  americana 

Kochia  americana  Wats.  Gray  Molly.  [K.  fused  with  red  in  autumn,  simple  or  branch- 
americana  var.  vestita  Wats.,  type  from  ing  from  the  base,  villous  and  often  finely  la- 
shores  of  the  Great  Salt  Lake;  K.  vestita  nate  to  glabrous;  leaves  0.8-4.5  (6)  cm  long, 
(Wats.))  Rydb.].  Plants  mainly  5-30  cm  tall,  1-4  mm  wide,  lanceolate  to  oblanceolate,  el- 
with  erect  branches  from  a  woody  base;  her-  liptic  or  linear,  usually  3-  to  5-veined, 
bage  villous-pilose  to  glabrous;  leaves  5-25  glabrous  or  softly  pilose  below  (and  above)  or 
mm  long,  1-2  mm  wide,  linear,  semiterete  glabrous  above,  generally  ciliate,  acute;  in- 
and  fleshy;  flowers  solitary  or  2-5,  sessile  in  florescence  spicate,  interrupted;  fruiting  per- 
axils  of  scarcely  reduced  leaves;  inflorescence  ianth  of  perfect  flowers  glabrous  dorsally,  ci- 
often  more  than  half  the  branch  length;  per-  liate,  mostly  transversely  keeled,  tubercled  or 
ianth  segments  pubescent,  at  least  apically,  sometimes  horizontally  winged  from  middle 
1-1.5  mm  long,  hooded  above,  somewhat  en-  of  the  keel;  pistillate  flowers  often  lacking  a 
larged  in  fruit,  ultimately  keeled  and  with  a  keel;  seeds  ovate  in  outline,  1.5-2  mm  long, 
membranous,  striate  wing  to  2  mm  long  and  Disturbed  roadsides,  canal  banks,  field  mar- 
3  mm  wide.  Greasewood,  seepweed,  saltbush,  gins,  and  other  waste  places  in  salt  marsh, 
saltgrass,  matchweed,  horsebrush,  and  pin-  sedge-rush,  sagebrush,  mountain  brush,  and 
yon-juniper  commimities  at  1125  to  1985  m  pinyon-juniper  communities  at  850  to  1985 
in  Beaver,  Cache,  Emery,  Garfield,  Grand,  m  in  probably  all  Utah  counties;  widespread 
Iron,  Juab,  Millard,  Salt  Lake,  San  Juan,  Se-  in  North  America;  adventive  from  Eurasia; 
vier,  Tooele,  Uintah,  Utah,  and  Wayne  coun-  38  (ii).  The  cultivated  ornamental  phase,  with 
ties;  Oregon  to  Montana,  south  to  California,  bright  red  or  red-orange  foliage  is  forma 
Arizona,  and  New  Mexico;  65  (v).  trichophylla    (Hort.)    Staph   ex    Schinz   & 

Kochia  prostrata  (L.)  Schrad.  [Sahola  pro-  Thell.  [K.  trichopJn/Uo  Hort.  ex  Voss].  Some 

strata  L.].  Subshmbs,  mainly  10-75  cm  tall;  workers  have  suggested  that  our  material  be- 

stems  erect  or  steeply  ascending,  more  or  less  longs    to    the    Russian    species   K.    iranica 

pubescent  with  short  crinkly  hairs  often  in-  (Hausskn.   &   Bornm.)   Litv.   [Solsola   iranica 

termixed  with  longer  villous  ones;  leaves  Hausskn.  &  Bornm.],  but  materials  examined 

3-12  mm  long,  0.3-0.7  mm  wide,  linear  to  fit   neither   key   diagnostic   nor  other   dis- 

filiform,  flat;  inflorescence  spiciform  to  pan-  criptive  features  of  that  taxon  (see  Flora 

iculate;  flower  clusters  interrupted;  perianth  SSSR  6:128-134.  1936. 
hairy   dorsally,   the   appendages   round,   flat, 

and  tuberculate  or  oblong  and  winglike  (ca  1  Monolepis  Schrad 

mm  long  and  1.5  mm  wide),  often  suffused 

with  red;  seeds  oval  or  orbicular  in  outline.  Annual,     polygamo-monoecious     herbs; 

ca  2  mm  wide,  brown,  smooth.  This  plant  is  leaves  simple,  hastately  lobed  or  entire,  alter- 

being  tried  in  reclamation  plantings  and  is  to  nate,   mealy   to   subglabrous,   fleshy;   flowers 

be    expected    throughout    Utah;    introduced  unisexual,    inconspicuous,    borne    in    axillary 

from  Eurasia;  1  (0).  clusters;    perianth    consisting   of    1    bractlike 

Kochia  scoparia  (L.)  Schrad.  Summer-cy-  scale  (rarely  2  or  3,  or  lacking),  not  enclosing 
press.  [CJienopodium  scopariiim  L.].  Annual  the  fruit;  stigmas  2;  pericarp  reticulately  pat- 
herbs,  mainly  3-12  (15)  dm  tall,  green,  or  suf-  terned  or  warty,  adherent  to  the  erect  seed. 

1.  Plants  dichotomously  branched,  the  ultimate  branches  filiform;  leaves  small 
and  inconspicuous,  entire;  flowers  5  or  fewer  per  axillary  cluster;  perianth 
segments  1-3,  linear;  plants  rare  A/,  pusilla 

—  Plants  not  dichotomously  branched,  the  ultimate  branches  not  filiform;  leaves 

conspicuous,  commonly  at  least  some  hastately  lobed;  plants  common  

M.  nuttalliana 
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Monolepis  nuttalliana   (Schultes)   Greene 

Poverty-weed.  [Blitiim  nuttalHanum  Schultes 
in  R.  &  S.,  based  on  B.  chenopodioides  Nutt.; 
M.  chenopodioides  (Nutt.)  Moq.  in  DC.]. 
Plants  mainly  4-30  cm  tall,  the  stems  pro- 
strate or  ascending  to  erect,  simple  or  much 
branched  from  the  base,  mealy  to  sub- 
glabrous;  leaves  5-50  mm  long,  the  blades 
1-15  mm  wide,  lanceolate  to  elliptic  or  ob- 
long, with  one  pair  of  lateral  lobes  near  the 
middle,  reduced  upward  and  sometimes  en- 
tire, the  petiole  1-20  mm  long;  flowers  borne 
in  dense,  sessile,  axillary  clusters;  perianth 
segments  1-2  mm  long,  more  or  less  acute 
apically;  pericarp  pitted,  usually  pale;  fruit 
0.9-1.5  mm  broad.  Pioneer  plant  of  open 
sites  in  blackbriLsh,  shadscale,  mat  saltbush, 
sagebRish,  pinyon-juniper,  mountain  brush, 
ponderosa  pine,  Douglas  fir-limber  pine,  as- 
pen, and  lodgepole  pine  commimities  at  350 
to  3355  m  in  probably  all  Utah  counties; 
Alaska  and  Yukon  to  California  and  New 
Mexico,  east  to  Manitoba  and  Missouri;  70 
(xiv).  The  correct  name  for  this  plant  seems 
to  be  M.  chenopodioides,  there  being  no  ap- 
parent obstacle  to  the  transfer  of  Blitum  che- 
nopodioides to  Monolepis.  However,  I  hesi- 
tate to  suggest  the  change  until  further 
research  corroborates  such  a  necessity. 

Monolepis  pusilla  Terr,  ex  Wats.  Plants 
clump-forming,  3-20  cm  tall  and  as  broad  or 
wider;  leaves  4-12  mm  long,  oblong,  entire, 
short-petioled;  flowers  1-5,  in  sessile  clusters; 
sepals  spatulate,  obtuse,  1-3;  pericarp  tu- 
berculate;  seeds  dull,  ca  0.5  mm  wide.  Salt 
desert  shrub  at  ca  1500  m  in  Uintah  County 
(Holmgren  et  al.  1934  BRY);  Oregon  to 
Wyoming,  south  to  California  and  Nevada;  1 
(0) 


Nitrophila  Wats. 

Perennial  rhizomatous  herbs  from  a  defi- 
nite caudex;  leaves  opposite,  linear  to  oblong, 
fleshy,  clasping,  entire;  flowers  perfect,  ax- 
illary, 2-bracteolate,  solitary  or  in  3s;  calyx 
chartaceous,  with  5  sepals,  these  keeled,  1- 
veined;  stamens  5,  united  basally  into  a  per- 
igynous  disk;  style  filiform,  with  paired 
stigmas;  fruit  ovoid,  beaked,  included  in  con- 
nivent  sepals;  seeds  vertical,  lenticular. 

Nitrophila  occidentalis  (Moq.)  Wats.  Ni- 
terwort.  [Banalia  occidentalis  Moq.  in  DC.]. 
Plants  glabrous,  mainly  10-30  cm  tall;  stems 
with  opposite  branches,  erect  or  ascending; 
leaves  0.7-2  cm  long,  linear,  semi  cylindirc, 
sessile,  mucronate;  flowers  sessile;  sepals  2-3 
mm  long,  oblong,  stramineus  (pinkish  when 
fresh);  fruit  brown;  seed  shining,  black,  ca  1 
mm  wide.  Saline  clay  substrate  in  saltbush, 
pickleweed,  alkali  saccaton  community  in 
Snake  Valley,  Millard  County  (Welsh,  Tay- 
lor, and  Thorne  14516  BRY);  Oregon  to  Cali- 
fornia, Nevada,  and  Mexico;  1  (i). 


Salicornia  L. 

Annual  or  perennial  herbs  from  taproots  or 
rhizomes;  leaves  simple,  scalelike,  opposite, 
connate,  glabrous;  flowers  perfect,  borne  ses- 
sile in  opposite  groups  of  3,  sunken  in  depres- 
sions of  thickened,  terminal  spikes,  subtended 
by  scalelike  bracts;  perianth  consisting  of  4 
connate  segments  free  at  the  tip  around  a 
slitlike  opening,  enclosing  the  fruit;  stigmas 
commonly  2;  pericarp  thin,  free  from  the 
erect,  retrorsely  pubescent  seed. 


Plants  annual,  from  slender  taproots,  the  main  stems  mostly  less  than  3  mm 

thick;  central  flower  much  above  the  lateral  ones S.  europaea 

Plants  perennial  from  thick  rhizomes  and  fibrous  routs,  the  main  stem  mostly 

more  than  3  mm  thick;  central  flower  not  much  above  the  lateral  ones  

S.  utahensis 


Salicornia  europaea  L.  Annual  Samphire. 
[S.  rubra  A.  Nels.;  S.  europaea  ssp.  rubra  (A. 
Nels.)  Breitimg;  S.  trona  Lunnel;  S.  europaea 
var.  trona  (Lunnel)  B.  Boi.].  Annual  Sam- 
phire. Plants  annual,  mainly  9-30  cm  tall, 
from  slender  taproots;  stems  fleshy,  erect  or 


ascending,  commonly  branched,  often  reddish 
at  maturity;  leaves  scalelike,  often  with  a 
scarious  margin;  spikes  0.5-5  cm  long,  2-3 
mm  thick,  the  joints  2-4  mm  long;  central 
flower  much  above  the  lateral  ones;  fruit  de- 
hiscent,  the  seeds  faUing  separately.   Saline 
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substrates  in  salt  marsh,  seepweed,  poverty 
weed,  alkali  saccaton,  and  saltgrass  commu- 
nities at  1280  to  1465  m  in  Box  Elder,  Cache 
(?),  Juab,  Millard,  Salt  Lake,  Tooele,  Uintah, 
and  Utah  counties;  widespread  in  North 
America;  Eurasia;  19  (ii).  Our  specimens  are 
supposed  to  differ  from  the  more  coastal  ones 
in  having  slender  spikes  with  joints  about  as 
thick  as  long,  but  no  such  correlation  is  ap- 
parent. Recognition  of  our  material  at  in- 
fraspecific  level  seems  moot. 

Salicornia  utahensis  Tidestr.  Utah  Sam- 
phire. [S.  pacifica  Standi,  var.  utahensis 
(Tidestr.)  Munz].  Plants  perennial,  mainly 
9-30  cm  tall,  from  coarse  rhizomes  and  thick 
fibrous  roots;  stems  fleshy,  erect  or  ascend- 
ing, not  creeping  and  rooting  at  the  nodes, 
turning  gray  or  brown  at  maturity;  leaves 
scalelike,  with  scarious  margins;  spikes  0.6-5 
cm  long,  3-4  mm  thick  the  joints  3-5  mm 
long,  breaking  at  the  joints  when  mature,  the 
central  flower  not  especially  above  the 
others;  fniit  dehiscent,  the  seeds  falling  sepa- 


line  substrates  in  salt  marsh,  pickleweed,  and 
saltgrass  communities  at  1280  to  1405  m  in 
Box  Elder,  Millard,  Salt  Lake,  Tooele  (type 
from  shore  of  Great  Salt  Lake),  and  Utah 
counties;  endemic  ?  (reported  from  Califor- 
nia?); 11  (ii).  Our  material  differs  markedly 
from  the  similar  coastal  species  assigned  to 
either  S.  pacifica  Standi,  or  S.  virginica  L. 

Salsola  L. 

Annual  herbs;  leaves  alternate,  entire, 
commonly  spinulose;  flowers  perfect,  5- 
merous,  solitary  or  clustered  in  axils  of  spiny 
bracts,  each  with  2  smaller  bracteoles,  borne 
in  spicate  inflorescences;  fruiting  perianth 
with  winglike,  mostly  horizontally  spreading 
ridges;  stamens  5,  usually  inserted  at  the  mar- 
gin of  a  lobed  disk;  styles  2  or  3;  fruit  closely 
enveloped  in  the  persistent  calyx;  seeds  hori- 
zontal to  oblique. 
Beatley,  J.  C,  1973.  Russian  thistle  (Salsola)  species  in 

western  United  States.  J.  Range  Management 

26:225-226. 


rately,  sometimes  adherent  to  the  calyx.  Sa- 

1.  Leaves  mainly  0.3-1.8  mm  wide  and   1.5-4  (6)  cm  long,  slender;  wings  of 

fruiting  calyx  usually  1-2  mm  long S.  iberica 

—  Leaves  mainly  1-1.5  mm  thick  and  0.5-2  cm  long,  thick  and  rigid;  wings  of 

fmiting  calyx  mainly  3-4  mm  long S.  paulsenii 


Salsola  iberica  Sennen  &  Pau  Russian- 
thistle;  tumbleweed.  [S.  pestifer  A.  Nels.;  S. 
kali  authors,  not  L.?].  Plants  with  simple 
stems  or  freely  branched,  clump-forming,  ap- 
pearing taller  than  wide,  1-10  dm  tall;  stems 
with  red-purple,  longitudinal  striations, 
glabrous  or  pubescent;  leaves  mainly  1.5-4 
(6)  cm  long,  0.3-0.8  mm  wide,  narrowly  lin- 
ear or  filiform,  spinulose  apically,  modified 
upward  as  spinescent  bracts  with  expanded 
bases  and  scarious  margins;  perianth  seg- 
ments distinct,  membranous  in  anthesis,  in 
fruit  becoming  transversely  winged,  the 
wings  mainly  1-2  mm  long;  seeds  horizontal. 
Weedy  species  of  disturbed  habitats  at  760  to 
2440  m  in  probably  all  Utah  counties;  wide- 
spread in  North  America;  adventive  from 
Asia;  62  (vi).  Tliis  species  forms  intermediates 
with  the  next.  It  is  unfortunate  that  so  many 
specific  epithets  have  been  applied  to  this 
weedy  introduction,  and  possibly  even  the 
above  name  is  not  unequivocally  correct. 


Salsola  paulsenii  Litv.  Barbwire  Russian- 
thistle.  Plants  commonly  freely  branched, 
clump  forming,  appearing  wider  than  tall, 
mainly  10-40  cm  tall  and  usually  broader; 
stems  yellowish  green,  seldom  purplish 
striate,  pubescent  or  glabrous;  leaves  mainly 
0.5-2  cm  long,  1-2  mm  thick,  linear,  rigid, 
spinose  apically,  modified  upward  as  spinose 
bracts  with  wide  bases  and  scarious  margins; 
perianth  segments  yellowish,  membranous  in 
anthesis,  becoming  transversely  winged,  the 
wings  2-4  mm  long  in  fruit;  seeds  horizontal. 
Weedy  species  of  disturbed  habitats  at  915  to 
1830  m  in  Carbon,  Garfield,  Juab,  Kane,  Mil- 
lard, Tooele,  Washington,  and  Wayne  coun- 
ties; Arizona,  Nevada,  and  California;  12  (iii). 
A  third  species,  S.  collina  Pallas,  might  be 
present  in  Utah.  It  has  long  slender  spicate 
inflorescences  with  appressed  bracts  and 
bracteoles,  and  in  the  lower  portions  the 
flowers  are  usually  gall-like. 
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Sarcobatus  Nees 

Thorny  shrubs;  leaves  mostly  alternate,  lin- 
ear, fleshy,  sessile;  flowers  imperfect,  borne 
in  axillary  spikes,  the  staminate  ones  spirally 
arranged,  ebracteate,  and  lacking  a  perianth; 
stamens  2  or  3,  borne  beneath  stalked  peltate 
scales;  pistillate  flowers  sessile,  1  or  2,  in  the 
axils  of  scarcely  reduced  leaflike  bracts,  the 
pistil  surrounded  by  a  cuplike,  shallowly 
lobed  to  subentire  perianth,  this  accrescent 
and  adherent  to  the  fruit  base,  its  upper  por- 
tion flaring  to  form  a  broad,  winglike  border; 
seeds  erect,  flattened,  orbicular. 

Sarcobatus  vermiculatus  (Hook.)  Torr.  in 
Emory.  Greasewood.  [Botis  (?)  vemiiciilata 
Hook.;  Fremontia  vennicularis  (Hook.)  Torr. 
&  Frem.].  Shmbs,  mainly  10-20  dm  tall  or 
more;  branches  rigid,  spreading,  often  modi- 
fied as  thorns;  leaves  0.3-4.5  cm  long,  1-3 
mm  wide,  semicylindric,  linear;  staminate 
spikes  catkinlike,  1-4  cm  long;  pistillate 
flowers  fewer  than  the  staminate  ones,  the 
perianth  ca  1  mm  long;  calyx  wing  2-6  mm 
long;  fruit  4-5  mm  long,  cup  shaped  below 
the  wing;  seeds  brown,  ca  2  mm  long.  Grea- 
sewood, seepweed,  saltbush,  and  other  plant 
commimities  of  saline  substrates,  at  1220  to 
2170  m  in  most  if  not  all  Utah  counties; 
Washington  and  Alberta  to  North  Dakota, 
south  to  California,  Arizona,  New  Mexico, 
and  Texas;   72   (x).   This   is   an   important 


browse   species   for   cattle   and   sheep,   even 
though  potentially  poisonous. 

Spinacia  L. 

Annual  or  biennial  glabrous  herbs;  flowers 
borne  in  dense  spicate  inflorescences;  pistil- 
late flowers  lacking  a  perianth,  but  with  2 
(rarely  3  or  4)  persistent  bracteoles  that  en- 
large, become  connate,  and  harden  in  fruit; 
stigmas  4  or  5;  seeds  vertical. 

Spinacia  oleracea  L.  Spinach.  Plants 
mainly  2-6  dm  tall  or  more,  erect;  leaves 
mainly  3-15  cm  long  and  2-10  cm  wide, 
ovate  to  triangular,  often  hastately  lobed; 
bracteoles  in  fruit  orbicular  to  obovate,  often 
with  a  spreading  spine  at  the  apex.  Culti- 
vated potherb  throughout  Utah,  mainly  be- 
low 2135  m;  introduced  from  Eurasia;  1  (0). 
This  plant  escapes  occasionally,  but  does  not 
persist. 

SuAEDA  Forsk.  ex  Scop.  Nom.  Cons. 

Annual  or  perennial  herbs  or  shrubs;  leaves 
alternate,  entire,  terete  or  flattened,  often 
succulent;  flowers  inconspicuous,  mostly  per- 
fect, solitary  or  clustered  in  leaf  axils,  brac- 
teate;  calyx  5-lobed,  fleshy,  the  lobes  equal 
and  unappendaged  or  unequal  and  some 
more  or  less  corniculately  appendaged;  sta- 
mens 5,  the  filaments  short;  ovary  subglobose 
or  depressed;  seeds  horizontal  or  vertical. 


1.  Plants  suffnitescent  or  definitely  shrubby;  leaves  abRiptly  short-petiolate;  calyx 
lobes  equal,  not  appendaged,  smooth  dorsally;  herbage  glabrous  or  pubervilent; 
seeds  vertical  or  horizontal  S.  torreyana 

—  Plants  annual;  leaves  sessile;  calyx  lobes  unequal  in  fruit,  horned;  herbage 
glabrous;  seeds  horizontal 2 

2(1).         Plants  often  over  3  dm  tall,  erect,  not  clump-forming,  the  branches  stiffly 

erect-ascending;  flowers  mostly  3-7  per  axil S.  calceolifonnis 

—  Plants  mainly  0.5-3  dm  tall,  forming  depressed  rounded  clumps,  the  branches 
spreading,  more  or  less  flexuous;  flowers  1-3  per  axil  S.  occidentolis 


Suaeda    calceoliformis     (Hook.)     Moq. 

Broom  Seepweed.  [Chenopodium  calceoli- 
fonne  Hook.;  S.  depressa  authors,  not  (Pursh) 
Wats.;  S.  depressa  var.  erecta  Wats.].  Plants 
glabrous,  often  glaucous,  erect,  simple  or 
with  erect-ascending  branches  and  broom- 
like, 1-5  (8)  dm  tall;  leaves  mainly  1-4  cm 
long,  1-2  mm  wide,  linear  or  tapering  from 
base  to  apex,  semiterete,   intergrading  with 


floral  bracts  upward;  spikes  slender;  flowers 
sessile,  mostly  in  clusters  of  3-7;  calyx  lobes 
unequal,  ca  1.5  mm  long,  at  least  some  con- 
spicuously horned;  fruit  horizontal;  seeds 
smooth,  1-1.5  mm  wide,  dark  brown.  Saline 
palustrine  or  riparian  sites  in  saltgrass,  grea- 
sewood, seepweed,  alkali  saccaton,  and  cat- 
tail-sedge communities  at  850  to  2440  m  in 
Box  Elder,  Cache,  Davis,  Duchesne,  Emery, 
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Grand,  Millard,  Salt  Lake,  Sanpete,  Sevier, 
Uintah,  Utah,  Washington,  and  Weber  coun- 
ties; British  Columbia  to  Saskatchewan,  south 
to  California,  Arizona,  New  Mexico,  and 
Texas;  35  (vi). 

Suaeda  occidentalis  (Wats.)  Wats.  Western 
Seepweed.  [Schoheria  occidentalis  Wats.]. 
Plants  glabrous,  often  glaucous,  forming  de- 
pressed rounded  clumps,  not  broomlike, 
mainly  0.5-3  dm  tall,  seldom  simple;  leaves 
mostly  0.5-2  (3)  cm  long,  linear-oblong,  semi- 
cylindric,  intergrading  with  floral  bracts  up- 
ward; spikes  slender;  flowers  sessile,  mostly 
1-3  per  cluster;  calyx  lobes  unequal,  ca  1.5 
mm  long,  at  least  some  conspicuously  horn- 
ed; fniit  horizontal;  seeds  smooth  1-1.5  mm 
wide,  dark  brown.  Saline  palustrine  or  ripa- 
rian habitats  in  greasewood,  saltgrass,  seep- 
weed, and  other  such  communities  at  1280  to 
2135  m  in  Beaver,  Box  Elder,  Cache,  Duch- 
esne, Salt  Lake,  Sevier,  and  Utah  counties; 
Washington  to  Wyoming,  south  to  Nevada 
and  Colorado;  12  (i). 

Suaeda  torreyana  Wats.  Torrey  Seepweed. 
Plants' glabrous  or  pubescent,  sometimes 
glaucous,  suffnitescent  or  definitely  shnibby, 
1-12  (15)  dm  tall  or  more,  with  slender  as- 
cending to  spreading  branches;  leaves  0.5-3.5 
cm  long,  1-3  mm  thick,  subterete  to  flat- 
tened, abruptly  short  petiolate,  intergrading 
with  floral  bracts  upward;  flowers  1-8  or 
more  per  axil;  calyx  lobes  equal,  ca  1.5-2  mm 
long,  the  lobes  merely  rounded  dorsally,  not 
homed  or  tuberculate;  fruit  horizontal  or 
vertical;  seeds  0.8-1.2  mm  wide,  black,  shiny. 
Greasewood,  seepweed,  saltgrass,  and  other 
salt  desert  shrub  commimities,  often  in  ripa- 
rian or  palustrine  habitats  at  1125  to  1955  m 
in  Box  Elder,  Duchesne,  Emery,  Garfield, 
Grand,  Juab,  Kane,  Millard,  Salt  Lake,  San 
Juan,  Sevier,  Tooele,  Uintah,  Utah,  and 
Wayne  coimties;  California,  Nevada,  Wyom- 
ing, Arizona,  and  Mexico;  79  (xiv).  Materials 
cited  with  the  above  description  belong  to 
var.  torreyana  [Chenopodina  linearis  Torr., 
type  from  Great  Salt  Lake;  C.  nigra  authors, 
not  (Raf.)  Macbr.]  A  second  variety,  some- 
times treated  at  specific  rank,  is  based  on 
densely  pubenilent  plants.  It  is  var.  ramosis- 
sima  (Standi.)  Munz  [Dondia  ramosissima 
Standi.;  S.  intermedia  Wats.,  type  from  Se- 
vier or  Washington  counties].  Saltgrass, 
shadscale,  greasewood  and  other  salt  desert 


shrub  communities  at  850  to  1400  m  in  Juab, 
Millard,  Salt  Lake,  Sevier,  and  Washington 
counties;  Arizona  and  California;  11  (0). 
Phases  of  this  variety  from  Washington 
County  seem  to  have  more  steeply  ascending 
and  more  elongate  branches  than  those  from 
elsewhere  in  Utah.  Possibly  all  of  the  variants 
are  taxonomically  neglegible. 

ZucKiA  Standi. 

Dioecious  or  less  commonly  monoecious 
shrubs  or  subshrubs;  branches  not  thorny;  ax- 
illary buds  subglobose,  porminent;  leaves  al- 
ternate, entire  or  more  or  less  lobed;  herbage 
more  or  less  scurfy;  staminate  flowers  2-5  in 
clvisters  in  bract  axils,  not  separately  brac- 
teolate,  the  perianth  4-  or  5-lobed,  subequal 
to  the  4  or  5  stamens;  pistillate  flowers  1  to 
several  per  bract,  often  some  vestigial,  each 
enclosed  by  2  bracteoles,  these  dorsiventrally 
flattened  and  unequally  6-keeled  or  obcom- 
pressed  and  thin-margined,  often  subtended 
by  a  single  filiform  bractlet;  fruits  vertical  or 
horizontal;  stigmas  2. 

Ztickia  brandegei  (Gray)  Welsh  &  Stutz 
comb.  nov.  Siltbush.  [based  on:  Grayia  bran- 
degei Gray  Proc.  Amer.  Acad.  11:101.  1976]. 
Plants  mainly  1-5  dm  tall;  branching  from  a 
persistent  woody  base  ca  0.5-2  dm  tall,  the 
annual  stems  erect  or  ascending;  herbage 
more  or  less  scurfy  and  less  commonly  with 
some  moniliform  hairs  in  inflorescence; 
leaves  subsessile  or  tapering  to  a  short  pe 
tiole,  13-80  mm  long,  15-42  mm  wide,  linear 
or  narrowly  oblanceolate-spatulate  to  ellip- 
tic, ovate,  obovate,  or  orbicular,  entire  or 
rarely  hastately  lobed;  staminate  flowers  with 
a  4-  or  5-lobed  stramineous  perianth,  cleft  to 
the  middle  or  below,  ca  1.5-1.8  mm  long; 
pistillate  bracts  obcompressed  or  dorsivent- 
rally compressed,  with  vertical  or  horizontal 
fruits,  respectively,  but  not  exclusively,  when 
mature  either  flattened  and  4-8  mm  wide  or 
6-keeled  (with  4  small  and  2  large  keels)  and 
2-4  (5)  mm  wide;  fruits  included  within  the 
bracts.  It  has  long  been  recognized  that 
Grayia  brandegei  was  not  a  close  congener  of 
G.  spinosa,  type  species  of  the  genus  Grayia, 
even  though  they  shared  features  of  bract 
compression  and  rounded  axillary  buds.  They 
differ  markedly  in  gross  morphology,  in  ves- 
ture, and  in  nature  of  the  bracts.  The  bracts 
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of  C  spinosa  are  thickened  marginally,  and 
filled  internally  with  a  spongy  cellular  mat- 
rix. Those  of  brandegei  are  thin  margined, 
and  do  not  possess  a  spongy  cellular  matrix. 
Some  workers  have  suggested  that  G.  bran- 
degei should  be  removed  from  its  long  associ- 
ation with  G.  spinosa  and  placed  within  the 
gardneri  phase  of  Atriplex.  The  differences 
between  Z.  brandegei  and  any  of  the  Atriplex 


species  are  striking  even  though  the  plants  in 
vegetative  condition  might  be  confused. 
Bract  and  bud  differences  in  Zuckia  are  cor- 
related, apparently,  with  C-3  type  of  photo- 
synthesis and  its  attendant  foliar  morphology, 
and  the  shrubby  atriplexes  have  the  C-4  type 
of  photosynthesis  with  its  foliar  morphology. 
Two  more  or  less  distinctive  but  intergrading 
phases  are  present. 


1.  Fruit  dorsiventrally  compressed;  bracts  6-keeled;  fruit  mostly  horizontal  

Z.  brandegei  var.  arizonica 

—  Fruit  obcompressed;  bracts  2-winged,  samaralike;  fruit  mostly  vertical  

Z.  brandegei  var.  brandegei 


Var.  arizonica  (Standi.)  Welsh  comb.  nov. 
[based  on:  Zuckia  arizonica  Standi.  J.  Wash- 
ington Acad.  Sci.  5:58.  1915].  Fine-textured 
or  sandy,  often  saline  and  seliniferous  sub- 
strates on  Entrada,  Morrison,  and  Duchesne 
river  formations  in  Emery,  Uintah,  and 
Wayne  counties;  Arizona;  10  (i).  Despite  the 
distinctive  bracts  and  horizontal  fruits,  the 
plants  are  well  within  the  range  of  vegetative 
variation  existing  in  plants  of  Z.  brandegei  in 
a  strict  sense.  Staminate  plants  of  this  variety 
have  not  previously  been  discerned  from 
among  the  general  collections  of  Z.  bran- 
degei. Previous  descriptions  of  Zuckia  and  its 
only  species  {arizonica)  are  conspicuous  in 
lacking  discussion  of  staminate  features.  Sup- 
posed differences  in  vesture  between  the  taxa 
apparently  do  not  exist,  and  other  diagnostic 
morphology  is  miknown. 


Var.  brandegei  Fine-textured,  often  saline 
and  seleniferous  substrates  on  the  Duchesne 
R.,  Uinta,  Kaiparowits,  Summerville,  Morri- 
son, Chinle,  and  Moenkopi  formations  (and 
probably  others)  at  1280  to  2440  m  in  Dag- 
gett, Emery,  Garfield,  Grand,  Kane,  San 
Juan,  Sevier,  Uintah,  and  Wayne  counties; 
Colorado  and  Arizona;  66  (xii).  Both  broad 
and  narrow-leaved  phases  of  both  varieties 
are  known,  and  there  is  a  tendency  for  the 
wideness  of  leaves  to  be  geographically  cor- 
related (i.e.,  the  broad-leaved  populations 
from  the  Uinta  Basin  and  those  on  "The 
Blues"  of  the  Kaiparowits  Formation  north- 
east of  Henrieville  and  north  of  Four-Mile 
Bench),  but  the  plants  differ  in  no  other  di.s- 
cernible  way.  Probably  these  variants  do  not 
warrant  taxonomic  recognition. 


IN  MEMORIAM:  SEVILLE  FLOWERS  (1900-1968) 


William  H.  Behle' 


Abstract.—  Seville  Flowers  was  the  foremost  authority  of  his  time  on  cryptogamic  botany  in  the  intermountain 
region,  having  published  monographs  on  the  mosses,  lichens,  and  ferns  of  Utah.  He  also  had  strong  interests  in  algae, 
grasses,  composites,  and  the  history  of  botany.  In  addition  to  his  systematic  research,  his  expertise  extended  to  field 
ecology.  Early  in  his  career  he  made  a  classic  study  of  the  vegetation  of  the  Great  Salt  Lake  region  that  led  in  later 
years  to  his  participation  in  the  ecological  studies  at  Dugway  Proving  Grounds  in  western  Utah.  Still  later  he  had 
charge  of  the  predam  vegetative  surveys  of  several  reservoir  sites  along  the  Upper  Colorado  River,  including  Glen 
Canvon,  which  was  later  submerged  under  Lake  Powell.  He  served  as  professor  of  botany  at  the  University  of  Utah 
from  19.36  to  1968.  His  professional  career  started  in  1929.  A  bibliography  of  his  writings  is  included  in  this  account 
of  his  life  and  professional  career. 


Many  people  naturally  remarked  that  Dr. 
Flowers's  surname  was  very  appropriate  for  a 
botanist,  and  one  might  suppose  that  after 
years  of  exposure  to  trite  expressions  con- 
cerning this  he  would  have  become  annoyed. 
Instead  he  displayed  a  good-natured,  even 
delightful,  sense  of  humor.  This  is  illustrated 
by  a  remark  he  made  when  introduced  to  a 
graduate  student  in  the  biology  department 
whose  name  was  Miriam  Bloom.  He  quickly 
said  to  her,  "My  dear,  you  and  I  ought  to 
write  a  botany  text  together."  Although  he 
was  an  authority  on  the  higher  plants,  his 
specialty  areas  pertained  more  to  the  lower 
orders  of  nonflowering  or  cryptogamic 
plants,  namely  the  liverworts,  algae,  lichens, 
mosses,  and  ferns.  As  regards  the  flowering 
plants,  he  had  strong  interests  in  the  grasses 
as  well  as  the  Compositae.  Overall  he  was  a 
well-trained  and  versatile  student  of  the 
whole  plant  kingdom,  particularly  the  flora 
of  western  North  America  and  Utah. 

His  research  covered  a  wide  spectrum  of 
interests.  At  one  extreme,  ba.sed  on  extensive 
field  studies,  were  broad-scale  regional  plant 
inventories  and  ecological  floral  analyses.  At 
the  other  end  were  microscopical  anatomical 
studies  on  lower  plants  or  structural  details  of 
the  anatomy  of  higher  plants.  He  was  re- 
markably proficient  as  an  artist,  a  gift  that 
enabled  him  to  illustrate  his  original  descrip- 
tions of  plants,  his  monographs  on  the  mosses. 


hepatics,  and  ferns  of  Utah,  as  well  as  numer- 
ous teaching  and  laboratory  manuals. 

Other  less-well  known  attributes  were  his 
skills  as  a  landscape  painter,  musician  (piano), 
and  student  of  Latin  and  Greek.  His  interest 
in  ancient  languages  was  doubtless  correlated 
with  the  practice  in  botanical  circles  of  for- 
mally describing  new  species  and  varieties  in 
Latin,  as  well  as  the  utilization  of  Latin  and 
Greek  words  for  scientific  names.  His  paint- 
ings depicted  striking  scenes  in  Utah  where 
his  field  work  took  him.  In  the  quiet  of  his 
home  during  rare  unoccupied  evenings,  he 
enjoyed  reading  classical  literature.  In  the 
field,  around  a  campfire,  he  was  an  accom- 
plished raconteur,  a  feature  he  shared  with 
his  close  friend  and  colleague  Stephen  D. 
Durrant.  I  suspect  that  many  of  Steve's  sto- 
ries and  jokes  came  from  Bill  Flowers.  Bill 
would  tell  them  with  a  dry  humor,  and  Steve 
would  enliven  them  with  his  own  embellish- 
ments in  the  retellings.  Bill  enjoyed  a  good 
cigar  occasionally  and  often  smoked  a  pipe. 
In  a  less  tolerant  era  at  the  University  of 
Utah,  to  do  so  he  had  to  frequent  restricted 
smoking  areas  in  secluded,  designated  .spots 
behind  certain  buildings,  one  of  which  was 
behind  the  administration  (Park)  building 
near  the  former  greenhouse.  Here  he  picked 
up  many  stories  and  jokes  from  kindred 
spirits. 
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Fig.  1.  Seville  Flowers  (ca  1967)  in  his  laboratory  preparing  illustrations  for  his  monograph  on  the  mosses  of  Utah 
and  the  West. 


He  was  regarded  as  being  somewhat  ab- 
sentminded,  and  indeed  he  was  often  pre- 
occupied with  his  research.  He  became  "hard 
of  hearing"  in  his  later  years.  Both  of  these 
traits  I  think  he  deliberately  used  to  miss 
committee  or  staff  meetings  or  other  events 
in  which  he  had  little  or  no  interest.  His  thor- 
oughness in  teaching  and  attention  to  detail 
appealed  especially  to  botany  majors  and 
graduate  students.  In  his  research  he  made  a 
great  impact  on  the  field  of  botany  both  in 
Utah  and  nationally.  The  following  memorial 
on  his  life  and  work  portrays  his  distinctive 
personality  and  highlights  his  many  contribu- 
tions in  his  professional  field. 

Seville  Flowers  was  born  in  Salt  Lake  City, 
Utah,  on  14  January  1900,  the  son  of  John 
and  Caroline  Flowers.  He  had  one  brother 
and  two  sisters.  He  was  christened  Bradnum 
Saville  Flowers,  but  he  didn't  care  for  the 
first  and  middle  names,  so  early  in  life 
he   elected  to  be   known   simply   as   Seville 


Flowers.  His  mother  fondly  called  him  Billy 
which  evolved  to  Bill  in  later  life.  Curiously, 
for  a  short  time  he  even  signed  his  name  W. 
S.  Flowers  as  though  Bill  was  a  nickname  for 
William. 

In  his  childhood  he  lived  for  a  time  in 
Long  Beach,  California,  when  his  mother  was 
advised  by  her  doctor  to  live  at  sea  level  for 
her  health.  They  stayed  in  the  Signal  Hill 
area.  Bill  often  told  the  story,  probably  re- 
calling from  secondhand  sources  rather  than 
memory,  that  his  mother  was  constantly  ad- 
monishing him  not  to  play  in  the  creek  near 
their  home  because  he  got  so  covered  with 
oil  from  the  water! 

All  his  early  education  was  obtained  in 
Utah,  commencing  in  grade  school  in  1907. 
The  family  home  was  in  the  avenues  section 
on  the  north  slope  of  the  city,  which  at  the 
time  was  a  sparsely  populated  area.  Con- 
sequently, as  a  youth  he  and  his  companions 
roamed  freely  through  the  foothills,  along  the 
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bench,  and  in  the  mouths  of  several  shallow 
nearby  canyons,  thus  gaining  an  intimate  ac- 
quaintance with  nature  and  a  firsthand 
knowledge  of  the  common  local  plants  and 
animals.  He  once  remarked  to  the  writer  that 
the  urge  to  know  more  about  the  flora  and 
faima  became  an  obsession  with  him.  His  in- 
terest in  nature  may  have  been  partially  in- 
nate, but  it  was  certainly  also  conditioned  by 
these  early  sorties,  rather  than  being  inspired 
initially  by  some  great  teacher.  Influence 
from  this  source  came  later. 

In  addition  to  having  an  inquiring  mind,  he 
liked  to  draw  things.  Consequently,  while  at- 
tending East  High  School  and  facing  the  ne- 
cessity of  selecting  an  area  of  specialization, 
he  was  attracted  to  mechanical  drawing.  He 
even  envisioned  a  career  as  an  architect  or 
civil  engineer.  Although  the  study  of  plants 
and  animals  constituted  a  powerful  attrac- 
tion, he  shied  away  from  biology  courses,  ra- 
tionalizing that  the  study  of  botany  and  zool- 
ogy represented  an  occupation  that  was 
reserved  either  for  those  who  were  finan- 
cially independent  or  for  just  a  scholarly  few. 
He  certainly  wasn't  financially  well  off  and 
didn't  consider  himself  to  be  intellectually 
gifted.  The  idea  of  his  ever  becoming  a 
teacher  or  researcher  simply  never  occurred 
to  him.  The  writer's  aunt,  Jessie  Harroun,  had 
Bill  Flowers  as  a  student  in  one  of  her  classes 
in  English  at  East  High  School.  She  remem- 
bered him  as  being  a  quiet  but  excellent  stu- 
dent and  said  that  he  participated  in  track  as 
a  distance  ainner. 

Upon  graduation  from  high  school  he 
started  attending  the  University  of  Utah  in 
the  autumn  of  1920  and,  in  keeping  with  his 
earlier  intention,  enrolled  in  the  School  of 
Engineering,  where  he  spent  two  years.  On 
the  side,  as  part  of  a  liberal  education,  this 
time  he  did  take  courses  in  botany  and  zoolo- 
gy, but  there  were  few  courses  then  being  of- 
fered in  the  latter  field.  In  some  brief  bio- 
graphical notes  prepared  not  long  before  his 
death,  he  wrote  that  one  day  the  dean  of  the 
Engineering  School  called  him  in  to  his  office 
and  pointed  out  that  his  grades  in  engineer- 
ing courses  were  mediocre,  whereas  those  in 
biological  subjects  were  much  higher,  which 
suggested  that  he  was  in  the  wrong  field.  Be- 
sides, the  dean  remarked  "there  was  not 
enough  money  in  the  country  to  build  the 


elaborate  structures  appearing  on  my  draw- 
ing boards  and  that  I  would  be  an  unhappy 
architect  faced  with  the  reality  of  having  to 
design  simple,  practical  structures  'like  steel 
bridges,  not  Greek  temples.'  With  reluctance 
I  allowed  architecture  to  fade  from  my 
program." 

Having  been  thus  discouraged  from  either 
architecture  or  engineering,  he  decided  to 
pursue  his  true  love  of  biology,  more  particu- 
larly botany.  He  faced  a  dilemma,  however, 
because  botany  was  at  a  low  ebb  at  the  uni- 
versity, and  there  were  not  enough  courses  to 
constitute  a  major.  Seville  adjusted  to  this  in 
a  most  unusual  way.  A.  O.  Garrett,  who 
taught  botany  at  East  High  School  and  was 
supervisor  of  the  science  program  there,  was 
one  of  the  few  trained  botanists  in  the  state. 
Incidentally,  the  herbarium  at  the  University 
of  Utah  was  later  named  in  his  honor  as  the 
Garrett  Herbarium.  So  after  two  years  at  the 
university,  Bill  Flowers  returned  to  high 
school,  where  he  took  every  course  offered 
by  "Professor"  Garrett. 

Another  influence  in  his  life  was  the  alpine 
school  at  Aspen  Grove  back  (east)  of  Mt. 
Timpanogos  conducted  each  summer  by 
Brigham  Young  University  in  the  1920s.  One 
summer  Dr.  Henry  C.  Cowles,  an  inter- 
nationally known  pioneer  plant  ecologist  at 
the  University  of  Chicago,  was  guest  profes- 
sor. He  attracted  some  out-of-state  students 
from  various  parts  of  the  country  as  well  as 
many  local  students,  one  of  whom  was  Seville 
Flowers.  If  there  was  any  lingering  doubt  in 
Bill  Flowers's  mind  about  what  he  wanted  to 
do  for  his  life's  work,  the  association  with  Dr. 
Cowles  and  the  outside  students  clinched  the 
choice.  For  the  following  two  summers  Dr. 
Cowles  taught  at  the  Utah  State  Agricultural 
College  at  Logan,  and  Bill  Flowers  followed 
him  there  to  take  whatever  courses  were  of- 
fered. By  dividing  his  time  between  East 
High  School,  the  University  of  Utah,  Brigham 
Young  University,  and  Utah  State  Agricul- 
tural College,  he  was  able  to  fulfill  a  major  in 
botany  that  was  acceptable  to  the  University 
of  Utah,  and  the  A.B.  degree  was  granted  by 
that  institution  in  June  1925. 

During  the  summer  of  1925,  Mr.  Garrett 
was  a  guest  instructor  at  the  BYU  summer 
school,  and  one  of  the  classes  he  offered  was 
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on  mosses.  Bill  Flowers  attended  BYU's  sum- 
mer school  once  again  to  take  this  class. 
There  were  six  students  enrolled.  About  that 
time  A.  T.  Beals,  who  was  secretary  of  the 
Sullivant  Moss  Society,  wrote  to  Mr.  Garrett 
making  an  offer  to  have  specimens  of  Utah 
mosses  identified  by  leading  authorities,  pro- 
vided that  duplicates  were  sent  for  each  spe- 
cialist to  keep  for  his  personal  collection.  Mr. 
Garrett  accepted  the  proposition  and  during 
that  summer  had  the  members  of  his  class 
collect  mosses  from  Mt.  Timpanogos  and  vi- 
cinity. About  500  samples  were  sent  to  Beals. 
(Incidentally,  one  of  the  specialists  who  par- 
ticipated in  the  identifications  was  Edwin  B. 
Bartram.  Afterwards,  Bill  Flowers  kept  up  a 
correspondence  with  him  for  many  years  and 
exchanged  specimens.  When  Flowers  himself 
became  an  authority,  Bartram  would  period- 
ically send  him  specimens  to  identify.)  When 
the  results  of  the  summer  collecting  were  re- 
turned to  Mr.  Garrett,  85  species  of  mosses 
had  been  identified.  These  were  turned  over 
to  Bill  Flowers  for  study,  and  he  presented 
the  results  as  a  dissertation  entitled  The  Moss 
Flora  of  Mount  Timpanogos  to  Brigham 
Yoimg  University  for  the  master's  degree. 
The  M.A.  degree  was  awarded  him  in  1926. 
His  first  publication  (1929)  was  a  preliminary 
list  of  Utah  mosses  based  largely  on  the  Mt. 
Timpanogos  study.  Ultimately,  471  speci- 
mens were  presented  to  Bill  Flowers  by  Mr. 
Garrett.  These  became  the  nucleus  of  his  per- 
sonal collection,  which  grew  throughout  the 
years  until  at  the  time  of  his  death  there  were 
in  excess  of  5,000  specimens. 

Faced  now  with  the  necessity  of  earning  a 
livelihood,  he  commenced  a  teaching  career 
at  Carbon  County  High  School  in  Price, 
Utah,  in  the  autumn  of  1926.  He  taught  bot- 
any and  zoology  there  continuously  up  to 
1930.  By  this  time  he  was  imbued  with  the 
desire  to  obtain  the  Ph.D.  degree,  which  was 
unusual  for  a  high  school  teacher  in  those 
times.  Here  again  the  influence  of  Dr. 
Cowles  was  manifest,  for  Flowers  went  to  the 
University  of  Chicago  to  study  under  him.  He 
was  appointed  a  Fellow  and  spent  the  aca- 
demic years  of  1930-31  and  1931-32  there. 
As  previously  noted.  Dr.  Cowles  was  an  ecol- 
ogist,  hence  a  morphological  or  systematic 
problem  on  mosses  was  not  suitable  for  a  dis- 
sertation. So  Flowers  elected  to  work  on  the 


vegetation  of  the  Great  Salt  Lake  region.  Dr. 
Cowles's  sorties  to  Utah  had  made  him  aware 
of  the  potential  for  such  a  study  in  the  unique 
environment  of  western  Utah.  For  this  par- 
ticular research  Bill  Flowers  needed  a  back- 
ground in  soil  chemistry,  but  he  was  pre- 
pared for  this  since  he  had  taken  numerous 
courses  in  chemistry  along  the  way.  His  re- 
search on  this  topic  was  characteristically 
thorough.  The  report  (Flowers  1934a,  see 
also  1942b)  constitutes  one  of  his  major  pub- 
lications and  established  his  reputation  as  an 
ecologist  as  well  as  a  morphologist  and  sys- 
tematist.  The  Ph.D.  degree  was  conferred  on 
him  in  1932.  Following  this  achievement,  he 
returned  to  Utah  to  resume  teaching  at  Car- 
bon County  High  School,  which  he  continued 
to  do  through  the  1935-36  academic  year. 
Incidentally,  my  first  contact  with  Bill  Flow- 
ers came  at  the  University  of  Utah  during  the 
late  summer  of  1932  in  the  interval  between 
his  leaving  Chicago  and  reporting  at  Price. 
As  a  graduate  student  in  zoology  studying  the 
colonial  nesting  birds  of  the  islands  of  Great 
Salt  Lake,  I  sought  his  help  to  identify  some 
plants  I  had  obtained  on  Hat  and  Gunnison 
islands.  I  found  him  in  a  corner  of  one  of  the 
laboratories  in  the  biology  building  sur- 
rounded by  mosses  that  he  had  collected  in 
the  Great  Salt  Lake  region.  We  had  much  to 
talk  about,  and  he  was  most  cordial  and  help- 
ful. He  was  preparing  a  separate  paper 
(1933c)  on  the  mosses  of  the  Great  Salt  Lake 
region.  He  joined  the  teaching  staff  at  the 
University  of  Utah  one  year  prior  to  my  affi- 
liation (1936  vs.  1937).  We  were  close  friends 
and  colleagues  for  the  next  31  years. 

The  summer  of  1933  he  spent  in  Salt  lake 
City  reworking  his  doctorate  dissertation  for 
publication.  On  29  November  1933  he  mar- 
ried Emily  Jones  of  Salt  Lake  City.  Two  chil- 
dren came  of  this  union,  John  and  Frances 
Flowers. 

The  following  year  Dr.  Flowers  had  one  of 
the  greatest  experiences  of  his  life  when  two 
months  were  spent  studying  with  the  pre- 
eminent authority  of  the  times  on  the  mosses 
of  North  America,  A.  J.  Grout.  In  his  later 
years.  Dr.  Grout  had  developed  a  routine  of 
spending  winters  at  his  home  in  Manatee, 
Florida,  and  summers  at  his  cottage  at  the 
small  New  England  village  of  Newfane,  Ver- 
mont. His  home  there  was  known  as  Moss 
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Rock  Cabin  and  was  situated  high  on  a  hill 
overlooking  the  village  and  surrounding  ter- 
rain. Near  the  home  there  was  a  small  build- 
ing that  served  as  his  laboratory  and  housed 
his  herbarium  and  library.  It  became  his  cus- 
tom to  have  three  or  four  students  come  each 
summer  and  live  with  him  and  his  wife  and 
study  with  him.  Eventually,  he  built  a  little 
guest  cottage.  Dr.  Flowers  was  one  of  the  se- 
lect few  chosen  to  study  with  him  during  the 
summer  of  1934. 

Enroute  from  Utah,  Bill  and  Emily  spent 
about  two  weeks  at  the  University  of  Chi- 
cago and  then  continued  on  to  New  England. 
Emily  stayed  in  New  York  for  two  weeks  be- 
fore rejoining  her  husband.  In  the  meantime 
Bill  arrived  at  the  Grout  home  about  2:00 
a.m.  and,  not  wanting  to  awaken  anyone, 
slept  in  the  car.  They  were  assigned  quarters 
in  the  newly  built  cottage.  Dr.  Grout  invited 
them  to  use  vegetables  from  his  garden  and 
apples  from  his  trees.  Several  years  later  Dr. 
Flowers  (1947)  wrote  a  brief  account  of  this 
summer  with  Dr.  Grout.  His  article  was  ac- 
companied by  two  sketches,  one  of  the  house, 
the  other  of  the  laboratory  building.  These 
were  dated  12  and  17  August  1934  and  con- 
stitute evidence  of  Dr.  Flowers's  skill  as  an  il- 
lustrator. Dr.  flowers  received  a  certificate 
from  the  Biological  Laboratory  at  Cold 
Springs  Harbor  for  his  postgraduate  work 
with  Dr.  Grout. 

While  teaching  at  Carbon  County  High 
School,  Dr.  Flowers  served  as  state  chairman 
for  the  National  Education  Association  Sci- 
ence Department  for  the  years  1934,  1935, 
and  1936.  He  was  also  chosen  president  of 
the  Biological  Science  Section  of  the  Utah 
Education  Association  for  1935-36  and 
1936-37.  During  the  summer  quarter  of 
1935,  Dr.  Flowers  offered  a  course  in  bryol- 
ogy at  the  University  of  Utah,  the  first  time 
that  such  a  course  had  been  offered.  Arthur 
Holmgren  took  the  course  and  was  greatly 
impressed  by  Dr.  Flowers's  enthusiasm  for 
the  subject. 

Starting  with  the  academic  year  1936-37, 
Dr.  Flowers  became  a  member  of  the  De- 
partment of  Biology  at  the  University  of 
Utah.  At  last  he  had  found  his  proper  niche 
in  the  academic  world.  He  continued  his 
teaching  and  scholarly  research  at  that  in- 
stitution for  the  next  32  years,  becoming  one 


of  the  foremost  authorities  in  the  country  on 
mosses,  ferns,  and  other  cryptogams.  Through 
the  years  he  was  assigned  to  teach  many  sec- 
tions of  the  required  general  biology  course 
and  numerous  general  education  botany 
courses,  as  well  as  courses  in  his  specialty 
areas. 

His  committee  assignments  were  not  nu- 
merous because  of  his  preoccupation  with  re- 
search, but  he  served  many  years  on  the 
Scholastic  Standards  Committee.  He  was  ac- 
tive in  the  local  chapters  of  Phi  Sigma  Bio- 
logical Society  and  Sigma  Xi  and  in  the  Utah 
Academy  of  Sciences,  Arts,  and  Letters.  His 
out-of-state  professional  affiliations  were 
with  the  American  Institute  of  Biological  Sci- 
ences, Phycological  Society  of  America, 
American  Fern  Society,  American  Society  of 
Plant  Taxonomists,  and  International  Associ- 
ation for  Plant  Taxonomy. 

His  closest  working  relationships  were,  of 
course,  with  the  professional  and  amateur 
bryologists  throughout  the  country.  Many  of 
his  publications  appeared  in  the  journal  the 
Bnjologist.  This  was  the  organ  of  the  Ameri- 
can Bryological  Society  that  had  evolved 
from  the  Sullivant  Moss  Society.  About  1944 
he  served  as  a  member  of  a  committee  of  the 
Sullivant  Moss  Society,  along  with  H.  S.  Con- 
rad (chairman),  P.  M.  Patterson,  and  F.  E. 
Wynne,  which  was  charged  with  studying 
and  reporting  on  techniques  pertaining  to  the 
proper  preparation  and  care  of  a  moss  collec- 
tion (see  Conrad  et  al.  1945).  Many  years  lat- 
er Dr.  Flowers  (1956b)  described  a  new 
method  of  cutting  sections  of  moss  stems  and 
leaves.  He  served  as  vice-president  of  the 
American  Bryological  Society  for  1964-65 
and  became  president  in  1966-67. 

The  dedication  and  altruistic  nature  of  the 
man  is  indicated  in  one  early  paper  (1937c) 
where  he  announced  the  availability  of  cop- 
ies of  an  index  that  he  had  prepared  for  all 
the  species  of  mosses,  hepatics,  and  lichens 
that  had  been  described  in  the  Bnjologist. 
This  listed  all  the  titles  of  articles,  citations  to 
volume,  year,  and  page,  the  names  of  species 
described,  and  any  special  references  that 
might  be  difficult  to  find.  It  extended  from 
volume  1  through  40.  He  cut  the  stencils 
himself  on  his  own  typewriter.  He  originally 
intended  to  offer  copies  to  members  of  the 
society  for  just  the  cost  of  the  postage,  but 
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the  expense  was  so  great  that  he  found  it  nec- 
essary to  charge  each  recipient  one  dollar. 
The  initial  product  consisted  of  about  50 
mimeographed  pages.  He  planned  to  issue 
new  sheets  each  year  to  update  the  venture. 
How  long  he  persisted  in  this  is  not  known  to 
the  writer.  Neither  do  1  know  how  many  of 
the  annual  forays  of  the  society  that  he  at- 
tended, but  I  recall  his  mentioning  going  on 
one  to  Oregon,  and  he  served  as  reporter  for 
the  trip  in  1964  to  parts  of  Colorado  (Flow- 
ers 1965c). 

Several  features  stand  out  in  connection 
with  the  research  of  Dr.  Flowers.  One  was 
the  wide  coverage  of  subjects  that  he  dealt 
with.  Another  was  his  meticulous  work  and 
superb  illustrations.  A  third  was  his  slow,  de- 
liberate, thorough  approach.  This  was  due  in 
part  to  his  correlating  research  with  teach- 
ing. He  literally  spent  years  working  (at 
times  intermittently)  on  various  projects.  He 
would  often  prepare  a  preliminary  list  of 
some  group  of  plants,  add  to  it  as  new  knowl- 
edge accumulated,  submit  the  paper  to  peers 
for  review,  and  finally  would  publish  a  com- 
prehensive review  or  monograph.  Another 
technique  was  to  issue  mimeographed  hand- 
outs for  students  to  use  in  his  classes.  Mostly, 
he  cut  the  stencils,  ran  off  the  sheets,  and  as- 
sembled the  pages  personally.  Sometimes  he 
even  purchased  the  stencils  and  paper  him- 
self. Only  after  the  work  had  been  subject  to 
critical  scrutiny  over  a  long  period  and  after 
corrections  and  revisions  had  been  made  to 
his  satisfaction  did  he  feel  it  was  ready  for 
formal  publication. 

Perhaps  the  best  way  to  illustrate  all  these 
features  is  to  discuss  his  contributions  in  each 
of  several  groups  of  plants  or  topics  that  he 
worked  with,  starting  with  the  mosses  repre- 
senting the  Class  Musci  of  the  Phylum  Bryo- 
phyta.  It  was  this  area  of  his  work  that  was 
most  extensive  and  well  known.  Significantly, 
the  first  publication  in  his  bibliography  of  74 
titles  was  the  preliminary  list  of  Utah  mosses 
(1929),  and  the  last,  published  posthumously, 
was  his  566-page  book  The  Mosses  of  Utah 
(1973).  In  between  were  several  progressive 
stages  of  research. 

After  the  preliminary  list  he  published  a 
short  article  on  fossil  mosses  (1933a)  and 
then,  in  connection  with  his  research  for  the 
doctorate,  prepared  the  list  (1933c),  Mosses 


of  the  Great  Sah  Lake  Region.  Then  came  a 
48-page  mimeographed  summary  (Flowers 
1935a)  entitled  The  Mosses  of  Utah,  which  he 
privately  published  while  teaching  in  Price. 
Five  hundred  were  assembled  and  copies 
placed  in  the  libraries  of  all  the  universities 
and  colleges  in  the  state.  Next,  The  Bryo- 
phytes  of  Utah  (Flowers  1936)  appeared  in 
the  Bryologist.  In  this  publication  he  not  only 
itemized  the  species  known  to  occur  in  Utah, 
but  also  correlated  their  geographical  distri- 
bution with  the  vegetative  zones  and  higher 
plant  communities  in  Utah. 

His  magnum  opus  on  the  mosses  of  Utah, 
on  which  he  had  worked  for  over  40  years, 
had  been  essentially  completed  at  the  time  of 
his  sudden  death.  Fortunately,  he  had  sub- 
mitted it  for  review  to  three  friends  and  emi- 
nent bryologists,  William  C.  Steere,  Lewis  E. 
Anderson,  and  Howard  A.  Crum.  Dr.  Crum, 
more  than  any  other  person,  brought  the 
work  into  publishable  form.  He  meticulously 
worked  over  the  entire  manuscript,  which 
was  nearly  700  typewritten  pages  in  length, 
and,  since  he  was  one  of  the  best  students  of 
mosses  in  North  America,  the  manuscript 
benefitted  greatly  from  his  knowledge  and 
editorial  critique.  Unfortunately,  he  was  not 
given  credit  for  his  contribution  in  the  book 
due  to  an  oversight  attributed  to  its  pub- 
lication several  years  after  completion,  with 
little  continuity  between. 

Actually,  after  Dr.  Flowers's  sudden  death 
the  manuscript  was  rescued  from  oblivion  by 
several  of  his  fellow  botanists  at  the  univer- 
sity who  had  knowledge  of  his  long-sustained 
work.  They  were  Irving  B.  McNulty,  Robert 
K.  Vickery,  Kimball  T.  Harper,  and  Delbert 
Wiens.  They  obtained  a  grant  from  the  Uni- 
versity of  Utah  research  committee  for  retyp- 
ing and  bringing  the  manuscript  into  final 
form.  The  latter  task  was  largely  the  respon- 
sibility of  Dr.  Wiens,  who  was  director  of  the 
University  of  Utah  herbarium.  The  University 
of  Utah  Press  declined  to  publish  such  a  large 
and  technical  work,  so  it  was  submitted  to 
the  Brigham  Young  University  Press,  which 
accepted  it.  Thus,  Dr.  Flowers's  work  on  the 
mosses  of  Utah  came  full  circle  back  to  BYU. 

Not  knowing  of  Dr.  Crum's  previous  role 
and  looking  at  the  matter  largely  from  a 
book-manufacturing  viewpoint,  authorities  at 
the  Brigham  Young  University  Press,  called 
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upon  Arthur  Holmgren,  the  well-known  bot- 
anist and  expert  on  flowering  plants  at  Utah 
State  Unviersity,  to  edit  the  book.  As  pre- 
viously noted,  he  was  a  student  in  the  first 
class  on  mosses  that  Dr.  Flowers  taught  at 
the  University  of  Utah  during  the  summer  of 
1935.  In  the  preface  he  wrote  Professor 
Holmgren  commented  that  he  was  requested 
to  reduce  the  manuscript  by  one-third,  which 
was  done  largely  by  eliminating  Dr.  Flow- 
ers's  long  lists  of  citations  of  collections.  It  is 
also  interesting  to  note  that,  with  Professor 
Holmgren  editing  the  book,  all  three  of  the 
imiversities  in  Utah  had  a  role  in  the  final 
production  of  this  monumental  work. 

In  his  introduction  Dr.  Flowers  sketched 
the  history  of  bryology  in  Utah,  noting  the 
relatively  few  workers  and  their  contribu- 
tions and  commented  that  this  final  work  was 
based  on  12,000  specimens  gathered  over  a 
period  of  47  years  from  nearly  every  part  of 
Utah  as  well  as  bordering  parts  of  neighbor- 
ing states.  The  book  was  finally  published  in 
1973  (Flowers  1973a).  In  the  text  256  species 
are  treated  in  77  genera  and  18  families. 
Many  of  these  had  been  found  to  occur  in 
Utah  for  the  first  time  by  Dr.  Flowers.  The 
book  provides  keys  for  identification  of  the 
kinds,  gives  detailed  descriptions  and  illustra- 
tions, and  discusses  the  geographical  distribu- 
tion and  habitats  occupied  by  each.  The  spe- 
cies accoimts  are  accompanied  by  detailed 
observations  by  Dr.  Flowers.  Since  the  cov- 
erage of  the  text  extends  beyond  Utah  into 
contiguous  areas,  the  book  is  essentially  a 
guide  to  the  mosses  of  the  intermountain  re- 
gion. Dr.  Steere  prepared  the  foreword,  com- 
menting that  one  of  the  finest  features  of  the 
book  was  the  beautifully  executed  and  origi- 
nal illustrations. 

Once  the  book  appeared  in  print,  Dr. 
Crum  undertook  the  task  of  segregating  out 
the  new  forms  described  in  the  book  and  for- 
malizing the  descriptions.  He  explained  that, 
although  the  descriptions  had  been  prepared 
by  Dr.  Flowers  and  were  fully  illustrated  in 
his  book,  the  novelties  presented  therein  re- 
quired nomenclatural  validation.  Con- 
sequently, he  assembled,  organized,  and  para- 
phrased the  descriptions  and  put  them  into 
Latin.  The  article  that  Dr.  Crum  thus  pre- 
pared bore  the  name  of  Dr.  Flowers  as  au- 
thor (Flowers  1973b). 


Regarding  Dr.  Flowers's  other  work  on 
mosses,  scrutiny  of  his  bibliography  shows 
several  short  notes  that  report  new  occur- 
rences of  certain  species  and  several  papers 
dealing  with  morphological  features  of  differ- 
ent species.  There  was  a  series  of  eight  re- 
views of  sections  of  Dr.  Grout's  longtime 
project  of  presenting  new  material  on  mosses 
in  a  work  that  was  called  North  American 
Musci  Perfecti.  Dr.  Flowers  prepared  mono- 
graphs or  revisions  of  three  natural  groups  of 
mosses,  namely,  the  North  American  family 
Bartramiaceae  (Flowers  1953d),  the  family 
Encalyptaceae  (Flowers  1938a),  and  a  world- 
wide revision  of  the  genus  AnacoHa  (Flowers 
1925b).  New  species  or  varieties  described 
prior  to  those  in  his  book  on  the  mosses  of 
Utah  were  a  new  variety  of  Encalypta  ciliata 
var.  pilifera  (Flowers  1946a)  and  a  new  spe- 
cies of  Tortilla  from  Utah  and  Arizona  (Flow- 
ers 1951).  A  late  contribution  covered  both 
the  mosses  and  lichens  in  the  Navajo  National 
Monument  in  Arizona  (Flowers  1963b). 

Unpublished  manuscripts  on  mosses  found 
in  his  files  were  the  "Mosses  of  the  Deep 
Creek  Mountains,"  a  handwritten  work  con- 
taining a  list  of  9  species;  "Pipe  Springs 
Mosses,"  a  similar  short  list;  "A  Synoptical 
Classification  of  Mosses"  (8  pages);  a  21-page 
mimeographed  article  pertaining  to  Drouet 
and  Daly's  revision  of  the  Chroococcales, 
which  he  probably  used  in  class  work;  and  a 
24-page  typewritten  catalog  of  mosses  in  his 
personal  collection.  The  latter  is  incomplete. 

In  the  preface  he  noted  that  the  numbers 
up  through  2,999  pertain  to  mosses  from 
Utah,  and  subsequent  numbers  were  used  for 
mosses  from  North  America  at  large.  One  ob- 
scure item  pertains  to  a  continuation  of  his 
early  monograph  on  the  family  Bartra- 
miaceae. If  the  writer  recalls  correctly  from 
conversations  with  Dr.  Flowers,  there  were 
only  a  few  species  remaining  in  connection 
with  this  work  that  needed  clarification,  but 
to  work  things  out  he  would  have  had  to  visit 
European  herbaria.  This  was  a  time  when 
grant  money  was  relatively  easy  to  obtain 
from  the  National  Science  Foundation.  The 
writer  and  his  colleagues  urged  him  repeat- 
edly to  make  application  for  funds,  but  he 
couldn't  be  moved  to  do  so.  Apparently,  he 
had  lived  too  long  at  the  bare  subsistence  lev- 
el  of  support   for   his   research,   proceeding 
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slowly  largely  by  virtue  of  his  personal  effort. 
He  couldn't  seem  to  break  away  from  his 
way  of  doing  things.  He  didn't  want  the  pres- 
sure to  produce  that  a  grant  would  bring.  An- 
other possible  explanation  was  that  he  felt 
that  his  personal  finances  could  not  handle 
the  additional  extra  expenses  that  would  have 
inevitably  resulted. 

As  regards  the  Hepaticae  or  liverworts,  the 
other  class  of  the  Bryophyta,  those  kinds  that 
he  found  in  Utah  were  first  discussed  along 
with  the  mosses  (Flowers  1936)  in  the  paper 
on  the  bryophytes  of  Utah.  Later  (Flowers 
1945),  they  were  treated  separately.  Another 
summary  came  several  years  later  (Flowers 
1954a).  Tlie  final  comprehensive  monograph 
appeared  in  1961  (Flowers  1961b). 

Similarly,  the  Algae  of  Utah  went  through 
several  revisions,  starting  with  a  mim- 
eographed descriptive  catalog  (Flowers 
1938b)  and  followed  by  another  more  formal 
but  still  mimeographed  version  two  years  lat- 
er (Flowers  1940a).  Probably,  had  he  lived 
long  enough,  this  too  would  have  resulted  in 
a  formal  publication.  Two  unpublished  man- 
uscripts on  algae  found  in  his  effects  were  a 
"Checklist  of  the  Algae  of  the  Glen  Canyon 
Tributaries,"  an  8-page  typewritten  manu- 
script; and  one  on  the  "Algae  of  the  Upper 
San  Juan  Basin,"  a  4-page  handwritten 
product. 

A  large  work  evidently  planned  on  the 
fungi  of  Utah  seemingly  never  got  beyond  a 
5-page  handwritten  and  a  3-page  typewritten 
"Index  to  Utah  Fungi "  found  in  his  files. 
There  is  no  indication  of  when  this  was 
compiled. 

He  worked  assiduously  on  the  lichens  of 
Utah  during  all  the  years  I  knew  him,  collect- 
ing specimens  at  every  opportunity.  The  re- 
sults went  through  at  least  two  versions.  The 
first  (Flowers  1952e)  was  a  30-page  mim- 
eographed An  Introduction  to  the  Study  of 
Lichens,  which  he  used  in  his  classes.  The 
second  (Flowers  1954b)  was  a  list  of  the  li- 
chens known  to  occur  in  Utah.  A  later  study 
(Flowers  1963b)  pertained  to  the  lichen  and 
moss  flora  of  Betatakin  Canyon  and  vicinity 
in  Arizona.  Found  in  his  files  was  a  53-page 
catalog  of  lichens  collected  by  Seville  Flow- 
ers. They  were  taken  mainly  in  Utah,  but 
many  were  from  surrounding  states. 


Second  only  to  his  work  on  mosses  were 
his  contributions  on  ferns  and  fern  allies.  His 
monumental  resume  Ferns  of  Utah  (Flowers 
1944b)  was  antedated  by  a  mimeographed 
manual  on  ferns  issued  in  1939,  prepared,  he 
said,  "for  use  of  nature  study  students."  Later 
he  described  a  new  species  of  fern  ally  from 
southern  Utah  that  he  named  Selaginella 
utahensis  (Flowers  1949b,  1952a)  and  report- 
ed another  fern  occurring  in  the  state  (Flow- 
ers 1965b).  An  unpublished  three-page  mim- 
eographed paper  listing  the  ferns  of  Utah 
occurring  in  different  life  zones  was  found  in 
his  files,  along  with  a  longer  paper  entitled 
"The  Genus  Selaginella  and  Phylogeny  and 
distribution  of  the  Euselaginella  of  the  Selagi- 
nella rupestris  Group."  This  may  have  been 
the  paper  delivered  before  the  Utah  Acad- 
emy of  Sciences  for  which  an  abstract  was 
published  (Flowers  1952f).  He  went  farther 
afield  in  studying  ferns  than  for  the  other 
groups  of  plants  since  he  studied  the  ferns  of 
two  nearby  states.  Results  of  his  research  on 
the  ferns  of  Idaho  appeared  in  three  places. 
The  first  (Flowers  1949a)  was  a  mim- 
eographed leaflet  issued  by  the  daho  State 
College  herbarium.  The  second  (Flowers 
1950)  was  a  list  of  the  ferns  of  the  state.  The 
third  was  a  summary  of  the  Pteridophyta  of 
Idaho  (Flowers  1952d),  which  was  part  of  the 
Flora  of  Idaho  by  Ray  J.  Davis.  Apparently 
he  was  working  on  the  ferns  of  Montana  at 
the  time  of  his  death,  and  a  mimeographed 
publication  (Flowers  1967)  on  some  ferns  of 
Montana  was  issued  by  the  University  of 
Montana.  As  was  true  for  nearly  all  his  work, 
it  was  copiously  illustrated  with  his  original 
drawings  showing  structural  features. 

He  devoted  much  time  to  the  study  of 
Utah  grasses.  Arthur  Holmgren  referred  to 
his  being  an  accomplished  agrostologist. 
Again,  had  he  lived  long  enough,  a  com- 
prehensive formal  summary  paper  would 
probably  have  been  published.  As  it  was,  his 
Common  Grasses  of  Utah  went  through  two 
mimeographed  versions.  The  first  (Flowers 
1943b)  was  a  104-page  descriptive  catalog 
with  50  plates.  The  second,  revised  edition 
(Flowers  1959b)  had  grown  to  122  pages  ac- 
companied by  dozens  of  illustrations. 

As  previously  noted,  one  field  in  which  Dr. 
Flowers  had  few  peers  was  the  microscopic 
identification  of  woods.  His  encouragement 


218 


Great  Basin  Naturalist 


Vol.  44,  No.  2 


of  one  graduate  student  to  work  on  this  topic 
resulted  in  a  joint  publication  (Saul  and 
Flowers  1953).  Found  in  Dr.  Flowers'  files 
was  a  two-page  handwritten  list  of  "Woods 
Native  in  Utah." 

Side  issues  appeared  in  his  research  from 
time  to  time.  One  brief  flurry  saw  a  return  to 
zoology,  which  he  had  taught  in  high  school. 
He  prepared  two  descriptive  catalogs,  The 
Fishes  of  Utah  (1937d)  and  The  Amphibians 
of  Utah  (1937e),  both  mimeographed.  Prob- 
ably, these  were  used  in  summer  courses  in 
field  biology  at  the  University  of  Utah.  An- 
other was  a  biography  of  Mary  Parry  Haines 
(Flowers  1942c),  whose  collection  of  mosses, 
hepatics,  and  lichens  he  had  acquired.  In  this 
he  gives  an  analysis  of  the  material  received. 
He  published  an  article  on  the  ethnobryology 
of  the  Gosiute  Indians  of  Utah  (Flowers 
1957). 

He  was  called  upon  to  summarize  the  flora 
and  fauna  of  Great  Salt  Lake  for  a  book  on 
saline  lakes  of  the  world.  For  this  he  enlisted 
the  aid  of  Frederick  R.  Evans,  who  was 
studying  the  Protozoa  in  the  lake  (Flowers 
and  Evans  1966).  An  item  of  interest  in  this 
connection  is  that  Dr.  Flowers  had  been  cul- 
turing  a  strange  amoeba  from  the  lake  brine 
for  about  a  year,  noting  changes  in  the  organ- 
ism's appearance  in  different  salt  concentra- 
tions. A  colleague,  Dr.  David  T.  Jones,  be- 
came interested  in  the  same  problem,  and 
Dr.  Flowers  graciously  deferred  to  him.  The 
new  amoeba  was  named  in  1944  after  Dr. 
Flowers  as  Amoeba  floiversi  Jones  (Univ. 
Utah  Biol.  Ser.  8(4):3). 

A  mimeographed  teaching  aid  (Flowers 
1965a),  An  Introduction  to  Plant  Classifica- 
tion, went  through  at  least  two  revisions.  Dr. 
Flowers's  (1968)  history  of  cryptogamic  bot- 
any was  another  long-sustained  labor  of  love. 
He  noticed  that  authors  of  botanical  manuals 
often  gave  names  to  or  attached  brief  ac- 
counts of  plants  mentioned  by  very  early 
writers,  some  dating  back  to  the  Greek  and 
Roman  philosophers.  Mostly  the  references 
were  to  the  higher,  flowering  plants.  He 
wondered  what  the  early  writers  had  had  to 
say  about  the  lower  plants.  So,  over  many 
years  as  he  had  occasion  to  visit  large  in- 
stitutional libraries,  he  perused  ancient  her- 
bals  and  copied  quotations  on  cryptogams 
from  original  sources.  Gradually  he  compiled 


a  history  of  cryptogamic  plants.  A  semi- 
popular  discussion  of  fossil  plants  appeared  in 
1943  (Flowers  1943a). 

In  going  through  his  research  material  fol- 
lowing his  death,  Lois  Arnow  found  three 
noteworthy  unpublished  manuscripts  and 
teaching  aids  in  addition  to  those  detailed  in 
the  foregoing  discussion  of  his  research  in 
certain  specialty  areas  and  the  so-called  side 
areas  of  research.  Because  of  their  informal- 
ity, these  have  not  been  entered  in  the  bibli- 
ography. One  was  a  6-page  handwritten 
manuscript  entitled  "Notes  on  Halogeton," 
an  introduced  plant  injurious  to  livestock. 
Another  was  a  bibliography  on  fossil  bryo- 
phytes  (6  typewritten  pages).  The  last  was  a 
treatment  of  the  Compositae  of  Utah  (99  un- 
numbered pages).  One  of  Dr.  Flowers's  char- 
acteristics was  planning  for  things  far  ahead, 
and,  evidently,  he  intended  to  eventually 
concentrate  on  the  composites.  On  what  was 
perhaps  his  last  field  trip,  Lois  Arnow  asked 
him  what  he  was  going  to  work  on  after  his 
book  The  Mosses  of  Utah  was  published.  His 
reply  was  that  he  wanted  to  do  the  Compos- 
itae of  Utah. 

During  the  last  several  years  of  his  re- 
search career.  Dr.  Flowers's  work  turned  in  a 
new  direction  when  he  became  affiliated 
with  a  developing  program  in  ecology  at  the 
University  of  Utah.  First  came  his  association 
with  the  Dugway  Proving  Grounds'  studies 
when  the  university  entered  into  a  contract 
with  the  U.S.  Army  to  study  the  ecology  of 
disease  transmission  in  the  remote  desert  re- 
gion of  western  Utah  in  Tooele  County.  The 
first  director  was  his  colleague  Dr.  Angus  M. 
Woodbury,  who  called  upon  Bill  Flowers  as  a 
consultant  to  help  plan  the  study  of  the  plant 
aspects  of  the  biotic  communities  of  the  area 
and  to  identify  the  vegetative  types.  He  was 
admirably  prepared  for  this  assignment  be- 
cause of  his  prior  doctoral  study  of  the  vege- 
tation of  the  Great  Salt  Lake  area.  He  deliv- 
ered a  paper  (Flowers  1955)  on  ecological 
sample  areas  as  standards  for  biotic  commu- 
nities at  a  symposium  held  at  Dugway  6-8 
August  1955.  His  list  of  plants  of  the  region 
(Flowers  1956c)  appeared  in  Dr.  Woodbury's 
compilation  of  ecological  checklists  for  the 
Great  Salt  Lake  Desert. 

At  a  later  period,  the  University  of  Utah, 
largely  through  the  efforts  of  Don  M.  Rees 
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and  A.  M.  Woodbury,  contracted  with  the 
U.S.  Bureau  of  Reclamation  for  a  biological 
survey  of  the  Glen  Canyon,  the  most  impor- 
tant aspect  of  which  was  an  assessment  of  the 
riverine  vegetation  in  relation  to  trans- 
piration and  water  loss.  Again,  Dr.  Wood- 
bury headed  the  project  and  Dr.  Flowers  be- 
came the  key  man  in  conducting  the  plant 
studies  and  field  inventories.  Dr.  Stephen  D. 
Durrant  had  charge  of  the  field  operations 
and  logistics.  After  a  preliminary  reconnais- 
sance trip  to  the  area  in  the  autumn  of  1957, 
in  which  Dr.  Flowers  participated,  a  check- 
list of  plants  was  prepared  by  Cottam,  Flow- 
ers, and  Woodbury  (1958).  The  intensive 
field  study  was  made  during  the  summer  of 
1958.  For  this  Dr.  Flowers  prepared  a  key  to 
the  dominant  trees  and  shrubs  of  the  Glen 
Canyon  silt  region  along  the  Colorado  River 
for  the  aid  of  his  field  crews.  This  was  a  five- 
page  mimeographed  work.  The  final  results 
of  the  study  were  presented  in  two  reports. 
The  first  pertained  to  the  overall  survey  of 
the  vegetation  of  the  Glen  Canyon  reservoir 
basin  imder  the  authorship  of  Woodbury, 
Durrant,  and  Flowers  (1959).  The  second, 
more  detailed  report  dealt  with  various  eco- 
logical studies  of  the  flora  and  fauna,  under 
Dr.  Woodbury's  editorship,  which  contained 
Dr.  Flowers's  (1959b)  account  of  the  vegeta- 
tion of  the  Glen  Canyon. 

The  Glen  Canyon  survey  was  so  successful 
that  the  university  team  was  asked  to  con- 
duct similar  studies  during  the  following  sum- 
mers at  several  other  reservoir  sites  along  the 
Upper  Colorado  River  and  its  tributaries.  For 
each  study  Dr.  Flowers  and  numerous  help- 
ers, mostly  students,  handled  tlie  botanical 
studies.  The  Flaming  Gorge  Basin  survey  was 
conducted  during  the  summer  of  1959,  with 
the  main  report  being  prepared  by  Wood- 
bury, Durrant,  and  Flowers  (1960)  and  the 
report  on  the  vegetation  by  Flowers  (1960). 
The  Navajo  Reservoir  Basin  was  surveyed  the 
next  summer  in  1960.  Again  the  overall  re- 
port was  by  Woodbury,  Durrant,  and  Flow- 
ers (1961).  In  addition,  there  were  reports  on 
the  vegetative  aspects  by  Flowers  (1961a) 
and  Hall  and  Flowers  (1961).  The  Curecanti 
Reservoir  Basin  was  studied  in  1961.  Follow- 
ing precedent,  the  main  report  was  by 
Woodbury,  Durrant,  and  Flowers  (1962).  The 
botanical  work  had  expanded  somewhat  with 


separate  papers  by  Flowers  (1962a),  Flowers 
(1962b),  and  Hall  and  Flowers  (1962). 

At  the  conclusion  of  this  series  of  studies 
on  the  Upper  Colorado  River,  Dr.  Woodbury 
arranged  for  an  ecological  study  of  the  Dino- 
saur National  Monument  in  Utah  and  Colo- 
rado. As  before.  Dr.  Flowers  was  a  principal 
member  of  the  survey  team.  He  prepared  a 
paper  (Flowers  196.3a)  on  the  nonvascular 
plants.  Finally,  there  came  the  ecological  sur- 
vey of  the  Navajo  National  Monument  in 
northern  Arizona,  including  Betatakin  Can- 
yon. In  this  connection  Dr.  Flowers  (1963b) 
summarized  the  data  he  collected  on  the  li- 
chen and  moss  flora  of  the  area.  It  is  possible 
that  this  Colorado  River  field  work  and  sub- 
sequent report  writing  delayed  much  other 
planned  research  as  well  as  the  working  up 
for  final  publication  of  several  major  projects, 
such  as  the  algae  and  grasses  of  Utah.  But  Dr. 
Flowers  gloried  in  the  field  work  and  the  op- 
portunity for  collecting.  Also  there  was  the 
economic  factor  of  extra  income. 

For  several  decades,  starting  in  the  1930s, 
the  team  of  Walter  P.  Cottam  and  Seville 
Flowers  handled  virtually  all  the  botanical 
work  at  the  University  of  Utah.  The  two 
complemented  each  other— Dr.  Cottam  with 
his  emphasis  on  flowering  plants  and  Dr. 
Flowers  with  his  specialty  area  in  crypto- 
gamic  botany.  In  many  respects,  besides  their 
specialty  areas,  they  were  opposites.  Dr.  Cot- 
tam was  the  extrovert  with  public  relations 
inclinations.  He  was  a  man  of  remarkable  vi- 
sion with  a  broad  view  of  ecological  prob- 
lems affecting  the  welfare  of  mankind.  In  his 
teaching  and  research  he  dealt  largely  with 
the  practical  analysis  and  management  of 
grazing  resources.  He  was  noted  for  his  su- 
perb photography  and  fascinating  illustrated 
lectures  on  flowering  plants.  He  held  offices 
in  local  professional  societies  and  received 
much  acclaim  and  many  awards.  In  contrast. 
Dr.  Flowers  was  more  of  an  introvert.  He 
was  a  retiring  or  reserved  personality.  He 
was  content  to  work  essentially  alone  in  ei- 
ther of  his  laboratories,  one  at  home,  the 
other  at  the  university,  surrounded  by  speci- 
mens of  plants,  microscopic  equipment,  ref- 
erence books,  and  manuscripts.  He  cared 
little  for  recognition.  In  his  classroom  teach- 
ing, he  resorted  to  much  "chalk  talk,"  draw- 
ing illustrations  on  the  blackboard.  Both  men 
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were  superb  ecologists  and  zealous  in  field 
work,  adding  greatly  to  the  university's  her- 
barium. They  were  equally  liked  and  respect- 
ed by  students  and  colleagues,  each  for  his 
own  virtues.  Dr.  Flowers  was  particularly  ap- 
preciated for  his  thoroughness  and  orderly 
presentations  in  his  lectures  and  for  the 
teaching  aids  he  prepared. 

The  long  and  distinguished  career  of  Se- 
ville Flowers  came  to  a  sudden  end  at  his 
home  on  the  morning  of  29  April  1968,  two 
months  short  of  his  retirement  from  teaching. 
With  hat  and  lunch  bag  in  hand  and  on  the 
verge  of  departing  for  his  office  at  the  uni- 
versity a  few  blocks  away,  he  slumped  to  the 
kitchen  floor  from  a  massive  heart  attack. 
Funeral  services  were  held  at  the  church  of 
his  affiliation,  St.  Paul's  Episcopal  Church.  A 
brief  notice  of  his  death,  accompanied  by  his 
picture,  appeared  in  the  Bnjologist  (vol. 
71:159.  1968).  His  friends  and  colleagues  at 
the  University  of  Utah  placed  a  large  rock 
with  an  affixed  bronze  plate  on  a  grass-cov- 
ered moimd  surrounded  by  small  trees  out- 
side the  biology  building.  The  inscription 
reads  "This  memorial  grove  donated  by  stu- 
dents, friends,  and  colleagues  of  Dr.  Seville 
Flowers,  1900-1968.  Professor  of  Botany, 
1936-1968.  State  Arboretum  of  Utah." 

His  personal  collection  of  hepatics,  mosses, 
and  lichens  had  always  been  kept  separate, 
never  having  been  part  of  the  university's 
herbarium.  With  the  realization  that  work  in 
his  fields  of  specialization  would  not  be  con- 
tinued at  the  university,  where  the  entire  bi- 
ology area  was  undergoing  the  throes  of  redi- 
rection and  reorganization  along  molecular 
and  population  biology  lines,  his  wife  and 
botany  colleagues  decided  to  place  his  tech- 
nical books,  separates,  correspondence,  speci- 
mens, and  uncompleted  manuscripts  at  some 
institution  where  active  work  was  being  done 
in  his  specialty  areas.  The  recipient  in- 
stitution decided  upon  was  the  University  of 
Colorado  herbarium  at  Boulder,  by  arrange- 
ment with  Dr.  William  Weber,  director. 
Items  were  packed  for  transfer  to  Colorado 
by  Dr.  Weber,  Dr.  Wiens,  and  Lois  Arnow, 
ciu-ator  of  the  Garrett  Herbarium.  General 
books  from  his  library  went  to  the  University 
of  Utah.  Thus  passed  from  the  scene  a  re- 
markably versatile  and  gifted  individual  who 
was  a  great  scholar,  a  dedicated  researcher. 


and  an  effective  teacher.  His  numerous  pa- 
pers and  monographs  constitute  evidence  of 
his  research  productivity  and  the  outstanding 
role  that  he  played  in  the  field  of  botany  in 
Utah.  Long  after  his  death  he  was  honored  by 
a  flowering  plant  in  the  family  Scrophu- 
lariaceae  being  named  after  him— Penstemon 
flowersii  Neese  &  Welsh  (Great  Basin  Nat. 
43[3]:429-431.  1983).  In  acknowledging  his 
contributions  the  authors  wrote:  "The  plant 
is  named  to  honor  the  memory  of  Dr.  Seville 
Flowers,  late  professor  of  botany  at  the  Uni- 
versity of  Utah.  Dr.  Flowers  was  a  student  of 
lichens,  mosses,  and  higher  plants,  and  his  un- 
timely passing  has  left  a  void  in  the  imder- 
standing  of  the  plants  of  Utah  and  the  West." 

In  this  memorial  I  have  stressed  Dr.  Flow- 
ers's  writing  and  scientific  achievements.  It 
seems  appropriate  to  conclude  by  reviewing 
his  attributes  as  a  teacher.  It  has  been  noted 
that  a  large  part  of  his  work  load  was  in- 
structing sections  of  the  general  education 
general  biology  course.  His  ability  to  illus- 
trate principles  by  drawing  on  the  black- 
board was  very  effective.  His  popularity  as  a 
teacher  at  the  lower-division  level  was  in- 
dicated by  his  being  invited  along  with  his 
wife  several  times  to  "favorite  professor"  din- 
ners and  receptions  conducted  by  sororities 
and  other  student  groups.  At  the  upper-divi- 
sion level  he  frequently  requested  that  he  be 
permitted  to  teach  advanced  or  specialized 
courses.  This  was  not  so  much  for  his  own 
satisfaction  as  it  was  an  accommodation  for 
botany  majors  whom  he  felt  needed  the 
courses  to  round  out  their  training.  He  never 
forgot  his  early  experience  of  Wanting  to  ma- 
jor in  botany  and  finding  few  offerings.  For 
these  advanced  courses  he  prepared  the  nu- 
merous handouts  noted. 

It  was  the  consensus  among  majors  and 
graduate  students  that  he  was  an  inspired  and 
inspiring  teacher.  He  was  greatly  appreciated 
for  a  trait  that  students  expressed  as  "having 
heart,"  meaning  that  he  had  a  deep  feeling 
for  students  and  the  predicaments  in  which 
they  found  themselves.  For  example,  a  Ph.D. 
candidate  of  the  writer  had  a  botany  minor 
and  Dr.  Flowers  was  a  member  of  his  com- 
mittee to  represent  the  area.  Initially,  the 
student  failed  the  written  botany  qualifying 
examination.  Dr.  Flowers's  high  standards 
and  sense  of  responsibility  would  not  allow 
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him  to  pass  the  student,  yet  he  showed  great 
discomfort  at  having  to  hold  the  student  back 
another  quarter.  He  actually  seemed  to  re- 
joice when  the  student  passed  a  different  ex- 
amination on  the  second  round.  Another  stu- 
dent had  "examination  phobia."  Dr.  Flowers 
arranged  for  him  to  obtain  credit  for  a  course 
by  a  means  other  than  taking  the  written  ex- 
aminations. Many  times  the  comment  ap- 
peared on  student  evaluation  forms  that  Dr. 
Flowers  always  had  time  to  answer  questions 
in  individual  consultation.  It  is  not  an  exag- 
geration to  say  that  he  was  revered  by  many 
students.  One  girl  was  so  emotionally  over- 
come when  she  learned  of  his  sudden  death 
that  she  was  unable  to  attend  classes  that 
day.  Instead  she  went  hiking  in  the  moun- 
tains, where  she  felt  she  could  reflect  on  the 
influence  that  he  had  had  on  her  life. 

Lois  Amow  nicely  summed  up  the  teach- 
ing aspect  of  Dr.  Flowers's  career  with  the 
comment  that  "his  quiet  enthusiasm  for  the 
subjects  he  taught  engendered  interest  where 
none  might  otherwise  have  existed.  And  he 
must  have  enjoyed  teaching.  For  him  teach- 
ing may  have  been  a  reason  for  being,  espe- 
cially in  view  of  the  many  unpublished  works 
prepared  especially  for  students." 

In  the  preparation  of  this  memorial  I  have 
had  the  indispensable  help  of  his  widow, 
Emily  Flowers,  and  of  Lois  Arnow.  The  man- 
uscript was  reviewed  by  both  of  them  as  well 
as  by  Kimball  Harper,  Irving  B.  McNulty, 
Robert  K.  Vickery,  and  Delbert  Wiens,  all  of 
whom,  like  the  writer,  were  his  longtime  as- 
sociates, friends,  and  admirers.  Their  sugges- 
tions have  greatly  strengthened  this 
memorial. 
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NEW  GENERIC  SYNONYMY  AND  NEW  GENERA  OF  SCOLYTIDAE  (COLEOPTERA) 

Stephen  L.  Wood' 

.\bstra.c:t.—  New  generic  svnonvniv  in  Scolvtidae  is  proposed  as  follows:  Ainasci  Lea  (  =  Pscitdoxtilchorus  Eggers), 
Araptus  Eichhoff  (=Bmchiidcndrtilus  Schedl,  C.nadiocmniis  Schedl,  Gnathohanis  Schedl),  Chortastits  Schaiifnss 
(=Afi(>chr(imcstis  Schedl),  Cosinodcns  Eichhoff  (  =  Dr»i(Yr/o/;.s-  Schedl),  Cniplialus  Erichson  {=  Acn/phalus  Tsai  &  Li, 
]u^ocnip}udus  Tsai  &  Li),  Ctiito'^cniiis  Strohmever  {  =  Eiilcpiops  Schedl,  Ozodendion  Schedl,  Mimidendruliis  Schedl, 
Artcpitiiophthortis  Schedl),  Dcndwfiraphiis  Schedl  {  =  Pwtojiitijophfliorus  Schedl),  Glostatiis  Schedl  {  =  Pamglostdtus 
Schedl).  Chuithotnipcs  Schedl  {=Gn(ith(>cortiis  Schedl,  Gnadioniimus  Schedl,  Gnadwolocliinus  Schedl),  Hijlesinopsis 
Eggers  (  =  Met(iliijlcsintis  Eggers,  Hapalophloeiis  Schedl,  IhiuHtyh'sinti.s  Schedl),  Hijpotlicnenuis  Westwood 
(  =  CI}ondronodcn'.s  Schedl,  Archeophaltis  Schedl,  Pachynodcrcs  Schedl,  Lcpicewide.s  Schedl),  Liparfliniiu  Wollaston 
{  —  Dacn/ophthonis  Schedl),  Miiniocuni.s  Schedl  {  =  Miciiuidendwn  Schedl,  Mimiophthonis  Schedl),  Miocrypludus 
Schedl  (=Afwmicracis  Schedl),  Phloeoditicci  Schedl  (  =  Xyh'c]}inops  Browne),  Pityophthorus  Eichhoff 
{=Breviophthorus  Schedl,  Neotnips  Schedl),  Pseudothysanues  Blackman  {  =  Bostricliips  Schedl,  Gretsclikinici 
Sokanovskii,  Xco^lostatus  Schedl),  Scolytodcs  Ferrari  (  =  Hexacolintis  Schedl,  Cryphahplidus  Schedl),  Scohjtogenes 
Eichhoif  {=Xylocryptus  Schedl),  Taphrorychus  Eichhoff  (  =  S«/iri/;/n7(/.s'  Sokanovskii,  Ttiphrotcnis  Schedl),  Tricohis 
Blandford  {  =  Ptcrocyclonoidcs  Schedl),  Triotemntis  Wollaston  (  =  Cladopiocius  Schedl),  Xylosandrus  Reitter 
{=Apoxyk'horus  Wood).  New  specific  synonymy  in  Scolytidae  is  proposed  for:  Chortastits  agnatus  Eggers 
(=Afromicracis  haguenui  Schedl),  Pelicerus  (now  Dendrogniphiis)  pygmaetts  Eggers  (  =  Ptotopityoplitliunis  duriis 
Schedl).  The  status  of  Pscudomicracus  Eggers  is  discussed.  The  following  new  genera  are  proposed  in  Scolytidae: 
Pldocographiis  (tvpe-species:  Phlocognipluis  mamihicie  Wood),  Phloeorurus  (type-species:  Hylocurtis  cifricanus 
Schedl),  Saurotocis  (type-species:  Micwcidcndron  tomicoides  Schedl),  and  Peridryocoetes  (type-species:  Ozodendron 
nitcns  Schedl).  Pseudotliysduocs  spiiuituhis,  new  name,  is  proposed  to  replace  P.  spinatiis  Wood,  1956. 


Over  the  past  five  years  a  reclassification 
of  the  genera  of  Scolytidae  in  world  fauna 
has  been  in  progress.  During  this  period,  I 
have  had  opportunities  to  visit  and  study  the 
collections  of  K.  E.  Schedl,  Y.  Niisima,  J.  J. 
Murayama,  A.  Nobuchi,  C.  F.  C.  Beeson,  and 
others,  and  to  examine  through  loan  the  type- 
specimens  of  the  type-species  of  most  of  the 
named  genera  and  subgenera  of  Scolytidae. 
To  stabilize  nomenclature  for  the  generic 
study  and  to  make  names  on  identified  speci- 
mens comprehensible  to  curators,  the  generic 
synonymy  .summarized  in  the  above  abstract 
is  proposed  on  the  following  pages.  Assigned 
to  synonymy  are  43  genera  and  subgenera 
that  represent  scolytid  taxa  from  all  inhabited 
continents  of  the  world.  Two  species  (one  in 
CJiortastus  from  Africa,  and  one  in  Dendro- 
grophus  from  New  Guinea)  were  also  placed 
in  synonymy,  because  they  were  type-species 
of  monobasic  genera  that  were  placed  in  syn- 
onymy. Synonymy  affecting  numerous  other 
species  will  follow  in  subsequent  papers. 
Four  genera  are  named  as  new  to  science,  as 
indicated  in  the  above  abstract. 


New  Synonymy 
Amasa  Lea 

Amasa  Lea,  1894,  Proc.  Linn.  Soc.  New  South  Wales  (2) 
8:322  (Tvpe  species:  Amasa  thoracicus  Lea  = 
Toniicits  truncatus  Erichson,  monobasic) 

Pseiidoxyk'horus  Eggers,  1930,  Indian  For.  Rec.  14:206 
(Tvpe  species:  Pseudoxylcborus  heesoni  Eggers, 
monobasic).  AVir  synonijiny 

In  the  Schedl  collection  more  than  25  spe- 
cies had  been  assigned  by  Schedl  to  the  trun- 
catus Erichson  and  heesoni  Eggers  species 
groups.  These  two  groups  had  been  com- 
bined by  him  into  one  group.  After  studying 
his  material  and  seeing  complete  in- 
tegradation  between  the  two,  I  now  agree 
that  the  genera  Amasa  Lea  and  Pseudoxijle- 
borus  Eggers  must  be  combined  under  the 
senior  name  as  indicated  above. 


Araptus  Eichhoff 

Araptus  Eichhoff,  1892.  Berliner  Ent.  Zeitschr.  15:136 
(Tvpe-species:  Araptus  rufopalliatus  Eichhoff, 
monobasic) 
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Bnicln/dcnclnilits    Schedl,    1951,    Dusenia    2:114    (Type- 
species:    Hrdchtjdcndrulus   rf^grrs;    Scliedl,    mon- 
obasic). AVif  si/noniijuii 
Guatlwcranits  Schedl,    1951,  Dusenia  2:116  (Type-spe- 
cies: Gnathocranus  novatetitoniciis  Schedl,  mono- 
basic). \eic  siinonymy 
Gnatlwhoru.'i  Schedl,    1970,  Koieopt.   Runschau  48:93 
(Type-species:  Breviophtliorii.s  arocntiniiic  Schedl, 
original  designation).  New  synont/itni 
The  large,  diverse  genus  Araptiis  Eichhoff 
is   represented   in   the   Schedl   collection   by 
limited  material  in  only  a  few  species  groups. 
My  examination  of  the  type  series,  including 
the  types,  of  Brachijdendnihis  eggersi  Schedl, 
Gnathocranus    novateutonicus    Schedl,    and 
Breviophthorus  argentiniae  Schedl  (type-spe- 
cies of  the  genus  Gnathoborus)  all  fall  well 
within  the  limits  of  Araptus.  For  this  reason, 
the  genera  Brachi/dendnihis  Schedl,  Gnatlio- 
cranus  Schedl,  and  Gnathoborus  Schedl  must 
all  be  placed  in  synonymy  under  the  senior 
name  Araptus,  as  indicated  above. 

Chortasus  Schaufuss 

Chortiistiis  Schauhiss,  1905,  Insckten  Borse  22:15  (Type- 
species:  Chortdsfiis  cameruuiis  Schaufuss, 
monobasic) 

Afrochwinesii.'i  Schedl,  1971.  Koieopt.  Rundschau  49:197 
(Type-species:  Afrominacis  haoucnai  Schedl, 
original  designation),  yew  siinonijiuii 

The  paratype  of  Afrochramesus  baguenai 
Schedl  in  the  Schedl  collection  and  a  cotype 
of  Clwrtastiis  agnatus  Eggers  in  the  Schedl 
collection  are  essentially  identical  and  ob- 
viously are  of  the  .same  species.  On  the  basis 
of  tliis  comparison,  Afromicracis  is  placed  in 
synonymy  under  Chortastus,  to  which  both 
belong. 

Cosmoderes  Eichhoff 

Cosmoderes  Eichhoff,  1878,  preprint  of  Mem.  See.  Roy. 

Sci.   Liege   (2)   8:495   (Type-species:   Cosmoderes 

monilicollis  Eichhoff,  monobasic) 
Dcndriops   Schedl,    195.3,    Rev.    Franc.    d'Ent.    20:125 

(Type-species:   Dcndriops  '^rdiuilicollis  Schedl. 

monobasic).  New  siinoni/Dii/ 

The  identity  of  Cosmoderes  monilicoUis 
Eichhoff  was  established  by  Wood  (1980, 
Great  Basin  Nat.  40:91),  although  the  type  is 
lost.  Examples  of  this  species  were  compared 
directly  to  the  lectotype  of  Dendriops  gran- 
uUcoUis  Schedl  and  were  found  to  be  con- 
generic. Because  these  species  are  the  type- 
species  of  their  respective  genera,  the  name 
Dendriops  must  be  placed  in  synonymy  as  in- 
dicated above. 


Cryphalus  Erichson 

Cnip}udus  Erichson,  1836,  Archiv  Naturgesch.  2(1):61 
(Tvpe-species:  Bostruchus  asperatus  Gvllenhal, 
designated  by  Thompson  1859:147) 

Acri/phalus  Tsai  &'  Li,  1963,  Acta  Ent.  Sinica  12:604, 
662  (Type-species:  Cryphalus  lipin^ensis  Tsai  & 
Li,  present  designation).  New  synonymy 

jui:,ocryphalus  Tsai  &  Li,  1963,  Acta  Ent.  Sinica 
12:602,622  (Type-species:  Cryphalus  piceus 
Eggers,  present  designation).  Neiv  synonymy 

The  subgenus  Acryphahis  T.sai  &  Li  was 
propo.sed  to  include  Cryphahis  lipingensis 
Tsai  &  Li,  C.  markangensis  Tsai  &  Li,  and  C. 
lepocrinus  Tsai  &  Li,  but  a  type  species  was 
not  designated.  I  here  designate  C.  lipingensis 
as  the  type-species  of  Acryphahis.  I  have  ex- 
amined a  series  of  this  .species  that  was  iden- 
tified by  Prof.  Yin  Hui-fen,  who  had  access  to 
the  holotype.  This  subgenus  was  based  on  the 
absence  or  near  absence  of  elytral  scales.  This 
is  not  a  valid  or  reliable  character  in  this 
genus.  For  this  reason,  Acryphahis  is  placed 
in  synonymy  as  indicated  above. 

The  subgenus  Jugocryphahis  Tsai  &  Li  was 
based  on  the  presence  of  a  transverse  carina 
on  the  male  vertex.  Assigned  to  this  subgenus 
were  Cryphahis  tabulae  form  is  Tsai  &  Li  (and 
its  subspecies  chienzhaiingensis  Tsai  &  Li), 
C.  pseudochinlingensis  Tsai  &  Li,  C.  chinli- 
ngensis  Tsai  &  Li,  C.  piceus  Eggers,  C.  mas- 
sonianus  Tsai  &  Li,  C.  jeholetisis  Murayama, 
C.  fulvus  Niisima,  C.  pseudotabulaeformis 
Tsai  &  Li,  C  szechiianensis  Tsai  &  Li  (and  its 
subspecies  tehchanzensis  Tsai  &  Li),  C. 
exiguus  Blandford,  and  C.  mandschuricus 
Eggers.  Because  a  type-species  was  not  desig- 
nated, I  here  designate  Cryphahis  piceus 
Eggers  as  the  type-species  of  Jugocryphahis. 
The  name  Ericryphahis  Hopkins  was  based 
on  the  same  character  and  would  have  prior- 
ity if  a  subgeneric  name  is  needed  for  this 
group  of  species.  The  name  Jugocryphahis  is 
placed  in  synonymy  under  Cryphalus  as  in- 
dicated above. 


Cyrtogenius  Strohmeyer 

Cyrtooenius  Strohmeyer,  1910,  Ent.  Bliitt.  6:127  (Type- 
species:  Cyrtof^cnitis  l)icoh>r  Strohmeyer, 
monobasic) 

Euh'piops  Schedl,  1939,  J.  Fed.  Malay  St.  Mus.  18:344 
(Type-species:  Eulepiops  glaber  Schedl,  original 
designation).  New  synonymy 

Ozodendron  Schedl,  1957,  Ann.  Mus.  Roy.  Congo  Beige 
(8)  Sci.  Zool.  56:13  (Type-species:  Fehccrus  gran- 
dis  Beeson,  monobasic).  New  synonymy 
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Mii)ii(l(')\(lniltis  Schedl,  1957,  Ann.  Mus.  Roy.  Congo 
Beige  (8),  Sci.  Zoo!.  56:68  (Tvpe-species:  Mini- 
idendruhis  iitoioliac  Scliedl,  monobasic.  Xcic 
siinonipiui 

Aitcpiliiophthortis  Schedl,  1969,  Opnsc.  Zool.  Budapest 
9:157  (Tvpe-species:  Aitcpittiophtlioni.'i  dries 
Schedl,  monobasic).  New  si/noniinii/ 

The  holotypes  of  Eidepiops  glaber  Schedl, 
Pelicerus  grandis  Beeson,  Mimidendrulus 
movoliae  Schedl,  and  Atiepityoplithoms  aries 
Schedl  were  examined.  These  are  the  type- 
species  of  Eulepiops  Schedl,  Ozodendron 
Schedl,  Mimidendndtis  Schedl,  and  Artepi- 
tijophthorus  Schedl.  All  these  species  fall  well 
within  the  limits  of  Cyrtogenius  Strohmeyer 
and  are  here  placed  in  synonymy.  Schedl 
(1961,  Rev.  Ent.  Mocambique  4(2):752)  listed 
as  the  type-species  of  Mimidendrulus  a  spe- 
cies not  included  in  that  monobasic  genus 
when  it  was  erected.  His  oversight  must  be 
ignored. 

Among  the  smaller  species  of  Cyrtogenius 
there  is  an  orderly  reduction  in  the  number 
of  .segments  in  the  antennal  funicle  from  four 
to  three.  Schedl  used  this  character  (three 
segments)  to  establish  his  genus  Artepityoph- 
tlwrus,  but  placed  several  other  species  with 
a  3-  or  4-segmented  funicle  Cyrtogenius.  This 
reduction  in  segmentation  is  continued  to 
two  in  Dendrographus,  but  other  characters 
luay  warrant  tlie  continued  recognition  of  a 
separate  genus  for  that  species  (D.  pygmoeus 
Eggers). 

Schedl  repeatedly  called  attention  to  the 
intergradation  of  the  smaller  Cyiiogenius  to 
PityopJithorus;  however,  none  of  the  .species 
he  cites  exliibit  any  of  the  essential  characters 
of  that  subtribe  (Corthylini,  Pityophthorina). 

Dendrographus  Schedl 

Dendrograplius  Schedl,  1964,  Reichenbachia  3:310 
(T\pe-species:  Felicenis  ptjguuicus  Eggers,  origi- 
nal designation) 

ProtDpitijophtlwrus  Schedl,  1973,  Papua  New  Guinea 
Agric.  J.  24:73  (Tvpe-species:  Protopityophthunis 
diinis  Schedl  =  Peliccnis  piiguuicus  Eggers,  orig- 
inal designation).  A'cif  t^enciic  and  specific 
siinoniputi 

Several  cotypes  of  Pelicerus  pygmaeus 
Eggers  were  examined  and  compared  di- 
rectly to  my  series  that  in  turn  was  compared 
to  the  holotype  and  several  paratypes  of  Pro- 
topityophthorus  durus  Schedl.  They  are  iden- 
tical. Except  for  the  2-segmented  antennal 
fimicle  and  slightly  different  club,  this  species 
would  be  placed  in  the  genus  Cyrtogenius. 


The  future  discovery  of  species  that  bridge 
this  character  gap  may  require  suppression  of 
Dendrograplius. 

Glostatus  Schedl 

C.lostatiis  Schedl,  1939,  Rev.  Zool.  Bot.  Afr.  32:386 
(Tvpe-species:  C.Iostatus  declividepressiis  Schedl, 
monobasic) 

rarnojostatus  Schedl,  1964,  Reichenbachia  3:304  (Tvpe- 
species:  Ctonocn/phus  nioiiiestis  Schedl,  original 
designation).  Xetc  .vi/noin/;))!/ 

The  holotype  and  several  paratypes  of 
Ctonocryphus  nigrivestitus  Schedl  were  ex- 
amined. Because  this  species  is  a  normal 
member  of  the  genus  Glostatus  and  because 
it  was  made  the  type-species  of  Paraglostatus 
Schedl,  Paraglostatus  must  be  placed  in  syn- 
onvmv  as  indicated  above. 


Gnathotrupes  Schedl 

Gtuithotnipcs  Schedl.  1951,  Dusenia  2:123  (Tvpe-spe- 
cies: Gnathotrupes  holiiianus  Schedl,  monobasic) 

Gnathocortus  Schedl,  1975,  Studies  in  the  Neotropical 
Fauna  10:11  (Tvpe-species:  Gnathocortus  eali- 
cuhts  Schedl,  original  designation).  New 
siinonijmii 

Gnatlioininius  Schedl,  1975,  Studies  in  the  Neotropical 
Fauna  10:12  (Tvpe-species:  Gnathoniinius  noth- 
ofagi  Schedl,  original  designation).  .Vcir 
siinonipnii 

Gnathogh)chinus  Schedl,  1975,  Studies  in  the  Neo- 
tropical Faima  10:16  (Tvpe-species:  Gnadioghi- 
chinus  inipressus  Schedl,  original  designation). 
New  siinont/inii 

Schedl  named  Gnathocortus,  Gnatho- 
mimus,  and  Gnathoglochinus,  each  based  on 
the  type-species  cited  above,  from  limited 
material,  apparently  without  reviewing  the 
South  American  .species  he  had  previously 
placed  in  Gnathotrupes  and  (erroneously) 
Gnathotrichus.  These  and  .several  manuscript 
genera  {Gnatliostractus,  Gnathoxylene,  Ei- 
dognathus)  all  represent  minor  variations  of 
Gnathotrupes.  The  three  named  genera  are 
here  placed  in  synonymy,  as  indicated  above. 


Hylesinopsis  Eggers 

Hylcsinopsis  Eggers,  1920,  Ent.  Blatt.  16:40  (Type- 
species:  Hifh'sinopsis  duhius  Eggers,  monobasic) 

Mctahyh-sinus  Eggers,  1922,  Ent.  Bhatt.  18:165  (Type- 
species:  Pseudohijlesinus  togonus  Eggers,  auto- 
matic). A'c'ir  si/noniinii/ 

llapidophloeus  Schedl,  1966,  Rev.  Ent.  Movambique 
8:363  (Type-species:  Metalujlesinus  brinckei 
Schedl,  original  designation).  New  synonymy 
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Ilciniln/lcsintis  Scliedl,  1967,  Opiisc.  Zool.  Budapest 
7:224  (Type-species:  Hcniihijlcsinns  cndrocdiji 
Schedl,  monobasic).  AVti'  si/noniimi/ 

A  significant  number  of  species  scattered 
in  .six  or  more  genera  in  the  Schedl  collection 
all  represent  the  same  genus.  Included  among 
them  are  the  type-species,  as  cited  above,  for 
the  genera  Hylesinopsis  Eggers,  Metahyle- 
sinus  Eggers,  HapalopliJoeus  Schedl,  and 
Hernihijlesiniis  Schedl.  Following  a  careful 
review,  it  was  concluded  that  segmentation 
of  the  antennal  funicle,  characters  of  the  an- 
tennal  club,  body  vestiture,  and  other  fea- 
tures used  to  characterize  genera,  were  so 
variable  that  the  group  could  not  be  divided 
into  definable  units.  Consequently,  the  names 
Metahijlesinus,  Hapalophloeiis,  and  Herni- 
hijlesiniis are  here  placed  in  synonymy  as  in- 
dicated above. 


Hypothenemiis  Westwood 

Htipothcnemtis  Westwood,  1836,  Trans.  Ent.  Soc.  Lon- 
don 1:.34  (Type-species:  Ht/pothenemiis-  eniditus 
Westwood.  monobasic) 

Chondwnoderes  Schedl,  1940,  Mitt.  Miincliner  Ent.  (ies. 
30:589  (Type-species:  Stcphanodens  uia'^tiiis 
Eggers,  monobasic).  New  synoiuptn/ 

Archeophalus  Schedl,  1941,  Rev.  Zool".  Bot.  Afr.  34:392 
(Tvpe-species:  Archeophalus  natidensis  Schedl, 
monobasic).  New  .synonipnii 

Pachynoderes  Schedl,  1941,  Rev.  Zool.  Bot.  Afr.  34:393 
(Type-species:  Pcichi/nodercs  deprecator  Schedl, 
monobasic).  Neic  st/nont/imj 

Lepicewides  Schedl,  1957,  Ann.  Mas.  Roy.  Congo  Beige 
(8)  Sci.  Zool.  56:59  (Type-species:  Lepicewides 
(iteni)iius  Schedl,  monobasic).  New  siinoniimij 

Cotypes  and  meta types  of  Stephanoderes 
magniis  Eggers,  holotypes  of  Archeophalus 
notalensis  Schedl  and  Pachynoderes  depreca- 
tor Schedl,  and  more  than  a  dozen  paratypes 
of  Lepiceroides  atterrimus  Schedl  were  exam- 
ined. All  are  clearly  congeneric  with  Hypoth- 
enemiis eniditus  Westwood.  Because  these 
species  are  tlie  type-species  of  Chondrono- 
deres  Schedl,  Archeophalus  Schedl,  Pachyno- 
deres Schedl,  Lepiceroides  Schedl,  and  Hy- 
pothenemiis Westwood,  the  four  junior 
names  must  be  placed  in  synonymy  under  the 
senior  name  as  indicated  above. 


Liparthriim  Wollaston 

Liparthnuti  Wollaston,  1854,  Insecta  Maderensia,  p.  294 
(Type-species:  Liparthrwn  hituhercuhititin  Wol- 
laston, original  designation) 


Ddcnjophdionis  Scliedl,  1971.  Ent.  Scand.  Suppl.  1:281 
(Type-species:  Dacn/ophthonis  hiincki  Schedl, 
original  designation).  New  synoniinwi 

Two  paratypes  of  Dacryophthorus  brincki 
Schedl  are  identical  to  a  series  of  this  species 
taken  in  Ceylon  by  me.  This  species  quite 
clearly  is  a  member  of  the  genus  Liparthrwn 
Wollaston  in  both  anatomical  and  biological 
characters.  The  pubescent,  shallowly  im- 
pressed female  frons  of  this  species  is  widely 
shared  by  tropical  species  of  this  genus.  Dac- 
ryophthorus  is  here  placed  in  synonymy  un- 
der the  senior  name  as  indicated  above. 

Mimiocurus  Schedl 

Miiiiioctinis  Schedl,  1957,  Ann.  Mus.  Roy.  Congo  Beige 
(8)  Sci.  Zool.  56:72  (Type-species:  Miniiocunis 
aciiminatus  Schedl,  monobasic) 

Micracidendron  Schedl,  1957,  .\nn.  Miis.  Roy.  Congo 
Beige  (8)  Sci.  Zool.  56:71  (Type-species:  Micraci- 
dendron inontaniiui  Schedl,  monobasic).  New 
synonijiny 

Mimiophthorus  Schedl,  1957,  Ann.  Mus.  Roy.  Congo 
Beige  (8)  Sci.  Zool.  56:77  (Type-species:  Brachy- 
dendrtilus  congonus  Schedl,  original  (?)  or  sub 
sequent  designation).  New  synonymy 

Schedl  (1957)  designated  ''Brachyden- 
druliis  montanus  Schedl'  as  the  type-species 
of  Mimiophthorus.  Because  no  such  species 
had  been  named,  it  is  presumed  that  this  was 
a  mental  error  that  was  corrected  when  he 
later  listed  Brachydendriiliis  congonus  Schedl 
(1962,  Rev.  Ent.  Mozambique  5(1):63)  as  the 
type-species  of  Mimiophthorus.  A  review  of 
five  paratypes  of  B.  congonus,  24  of  Mimi- 
ocurus aciiminatus  Schedl,  and  14  of  Micraci- 
dendron montanwn  Schedl  indicates  that  all 
belong  to  the  same  genus.  Because  each  of 
these  three  species  is  the  type-species  of  a  ge- 
neric name,  Micracidendron  and  Mimi- 
ophthorus are  placed  in  synonymy  under 
Mimiocurus  by  choice  of  the  first  revisor.  The 
genus  was  placed  in  Ipini  by  Schedl;  how- 
ever, it  quite  clearly  is  a  member  of  the  sub- 
tribe  Pityophthorina  (Corthylini). 

Miocryphalus  Schedl 

Miocryphahis  Schedl,  1939,  Rev.  Zool.  Bot.  Afr.  .32:381 
(Tvpe-species:  Stephanoderes  natalensis  Eggers, 
monobasic) 

Afromicracis  Schedl,  1959,  Ann.  Mag.  Nat.  Hist.  (13) 
1:709  (Type-species:  Afromicracis  kenyaensis 
Schedl,  monobasic).  New  synonymy 

A  female  cotype  of  Stephanoderes  nata- 
lensis Eggers  was  compared  to  four  para- 
types of  Afromicracis  kenyaensis  Schedl  and 
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to  the  types  of  six  other  species  assigned  by 
Schedl  to  Miocnjphalus.  Because  all  repre- 
sent the  same  genus,  the  junior  generic  name, 
Afmmicracis,  must  be  placed  in  synonymy  as 
indicated  above. 


Phloeoditica  Schedl 

rhiocoditica  Schedl.  1962,  Veihandl.  Naturf.  Ges.  Basel 
73:189  (Tvpe-species:  Kis.sopliafi,us  curfus  Ef^gers, 
present  designation) 

Xylcchinop.s  Browne,  1973,  Rev.  Zool.  Bot.  .\fr.  87:283 
(Type-species:  Xylccliinus  inistnilis  Sciiedl.  origi- 
nal designation).  New  synoniimi/ 

A  cotype  of  Kissophogus  curtus  Eggers 
was  compared  directly  to  long  series  of  this 
species  from  India  and  adjacent  areas;  they 
are  clearly  con.specific.  This  species  was  also 
compared  to  and  is  congeneric  with  several 
other  species  including  Xylechinus  australis 
Schedl  (five  paratypes  examined).  Because  K. 
curtus  is  the  type-species  of  Phloeoditica 
Schedl  and  is  congeneric  with  A',  australis, 
type-species  of  Xylechinops  Browne,  the  lat- 
ter generic  name  must  be  placed  in  synony- 
my as  indicated  above. 


Pityophthonis  Eichhoff 

Pitiiopltthonts   Eichhoff,    1864,   Berliner   Ent.   Zeitschr.. 

8:39     (Type-species:     Bontrichus     Uchtenstcini 

Ratzebnrg,   siibsecjiient   designation   bv   Hopkins 

1914) 
Breviophtlwnis  Schedl,   1938,  Archiv  Naturgesch.  7:176 

(Type-species:  Brevioplithoni.s  brasilicnsis  Schedl, 

monobasic).  New  si/nont/iuii 
Neoniips  Schedl,  1954,  Dusenia  5:37  (Type-species:  Neo- 

inips    brasiliensis     Schedl,     monobasic).     Netv 

si/noui/imi 

The  holotype  and  a  series  of  other  speci- 
mens of  Breviophthorus  brasiliensis  Schedl 
were  examined  and  compared  to  numerous 
neotropical  Pityophthorus  species.  While  B. 
brasiliensis  is  in  a  recognizable  species  group, 
I  see  no  characters  that  suggest  it  might  be  a 
distinct  genus  from  20  or  more  other,  equally 
distinct  species  groups.  For  this  reason,  Brev- 
iophthorus is  placed  in  synonymy  under 
Pityophthorus. 

Schedl  named  Neomips  brasiliensis  from 
male  specimens  that  superficially  resemble 
certain  Acanthotomicus  species.  The  female 
is  an  average  member  of  neotropical  Pityoph- 
thorus. The  only  deviant  feature  of  Neomips 
is  the  male  elytral  declivity.  I  do  not  regard 
this  as  adequate  justification  to  characterize  a 


genus  and,   consequently,  place  Neomips  in 
synonymy  as  indicated  above. 

The  transfer  of  Beviophthorus  brasiliensis 
Schedl,  1938,  and  Neomips  brasiliensis 
Schedl,  1954,  to  Pityophthorus  creates  homo- 
nymy.  The  younger  name  (1954)  is  replaced 
by  its  junior  synonym  P.  dimorphits  Schedl. 

Pseudomicracis  Eggers 

Pscudomicracis  Eggers,  1920,  Ent.  Blatt.  16:36  (Type- 
species:  Pseudomicracis  clsac  Eggers,  original 
designation) 

The  unique  holotype  of  Pseudomicracis  el- 
sae  Eggers  is  lost.  A  careful  study  of  the  orig- 
inal description  and  of  all  African  Micracini 
having  strongly  procurved  antennal  sutures 
and  the  elytral  apex  mucronate  drastically 
limits  the  number  of  species  that  could  fit 
into  this  genus.  Although  P.  elsae  obviously 
has  not  been  rediscovered,  several  named 
species  seem  to  meet  all  the  character  re- 
quirements of  this  genus.  All  the  African  (in- 
cluding Madagascar)  species  placed  by 
Schedl  in  Micracis  lack  the  strongly  flattened 
protibia,  with  the  socketed  teeth  on  the  api- 
cal margin.  The  African  Micracis  have  a  more 
slender  tibia  and  teeth  on  the  apical  portion 
of  the  lateral  margin.  The  eye  is  oval  and 
they  share  other  minor  characters  not  found 
in  American  Micracis.  These  African  species 
appear  to  share  all  the  significant  generic 
characters  of  P.  elsae.  For  this  reason,  I  here 
transfer  to  Pseudomicracis  the  following  spe- 
cies: Hylocurus  bugekeae  Schedl  1957  (Con- 
go), Micracis  difficilis  Schedl  1965,  M.  haru- 
nganae  Schedl  1961,  M.  ignotus  Schedl  1965, 
M.  madagascarensis  Schedl  1961,  and  M. 
pennatus  Schedl  1965  (all  from  Madagascar). 
With  these  transfers,  the  genera  Hylocurus 
and  Micracis  are  once  again  limited  to  the 
American  continents. 

Pseudothysanoes  Blackman 

Pscudothijsanoes  Blackman,  1920,  Mississippi  Agric. 
Expt.  Sta.  Bull.  9:46  (Type-species:  Pseudothy- 
sanoes drakei  Blackman  =  Cryphalus  rigidus  Le- 
Conte,  original  designation) 

Bosthchips  Schedl,  1951,  Rev.  Chilena  de  Ent.  1:21 
(Type-species:  Bostrichips  spinatus  Schedl,  mono- 
basic). New  synonymy 

Gretschkinia  Sokanovskii,  1959,  Ceskoslov.  Spolec.  Ent. 
Casopie  56:276  (Type-species:  Gretschkinia  mon- 
golica  Sokanovskii,  monobasic).  New  synonymy 

Neoglostatus  Schedl,  1978,  Ent.  Abh.  Mus.  tierk.'  Dres- 
den 41:300  (1977)  (Type-species:  Neoglostatus 
scjuamosus  Schedl,  monobasic).  New  synonymy 
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Bostrichips  spinatus  Schedl,  Gretschkinia 
mongolico  Sokanovskii,  and  Neoglostattis 
scfuamosus  Schedl  are  the  type-species  of  the 
genus  in  which  each  was  named.  Cotypes  and 
other  specimens  of  G.  mongolica  and  the 
holotypes  and  species  related  to  the  other 
two  were  examined  and  compared  to  numer- 
ous species  of  Pseudotlu/sanoes  Blackman.  All 
tliree  fall  well  within  the  limits  of  Pseiidothy- 
sanoes  and  are  here  placed  in  synonymy  un- 
der that  name. 

The  transfer  of  Bostrichus  spinatus  Schedl, 
1951,  to  Pseudothysanoes  causes  P.  spinatus 
Wood,  1956,  to  become  a  junior  homonym. 
The  new  name  Pseudothysanoes  spinatulus  is 
proposed  as  a  replacement  for  this  junior 
homonym. 

Scolytodes  Ferrari 

Scoliltoch's  Ferrari.  1867,  Die  Forst-  iind 
Baumziichtschadlichen  Borkenkafer,  p.  77  (Type- 
species:  Scohitodcs  laevigatiis  Ferrari,  monobasic) 

UcxacoJinus  Schedl,  196.3,  Reichenbachia  1:217  (Type- 
species:  Hexacolintis  minutissimiis  Schedl  196.3 
=  Scohjtodes  niiniitissinuis  Schedl  1952,  original 
designation).  Xcic  siinoni/nu/ 

Cniphalophilus  Schedl,  1970,  Kontvu  38:358  (Tvpe- 
species:  Cnipluilopliihi.s  afcr  Schedl.  monobasic). 
AVir  sijnontpnii 

The  female  holotypes  of  Scolytodes  minu- 
tissinuis  Schedl  and  of  Hexacolinus  minu- 
tissimus  Schedl  were  compared  directly  to 
one  another  and  to  my  material.  Only  one 
species  is  represented.  Because  Hexacolinus 
minutissimus  is  the  type-species  of  the  genus 
in  which  it  was  named,  Hexacolinus  is  here 
placed  in  .synonymy  as  indicated  above.  The 
name  H.  minutissimus  is  both  a  junior  homo- 
nym and  a  junior  synonym  and  is  automati- 
cally replaced. 

The  five  paratypes  of  Cryphalophihis  afer 
Schedl  clearly  fall  within  the  limits  of  Scoly- 
todes. Because  C.  afer  is  the  type-species  of 
that  genus,  Cryphalophihis  Schedl  is  here 
placed  in  synonymy  as  indicated. 


inhabits  a  variety  of  vines  (creepers)  and  re- 
lated plants.  The  type-species,  S.  darwini 
Eichhoff,  ba.sed  on  the  holotype  in  the  Schedl 
collection  is  one  of  the  most  highly  evolved 
and  widely  distributed  species  in  the  genus. 
The  more  primitive  members  of  the  genus 
are  small  and  have  antennae  resembling  those 
of  Eidophehis  Eichhoff  species.  Xylocryptus 
papuanus  Schedl  is  one  of  several  New  Guin- 
ea species  in  the  more  primitive  section  of 
Scohjtogenes.  Because  X.  papuanus  falls  well 
within  the  limits  of  this  genus,  it  is  here 
placed  in  synonymy  as  indicated  above. 

Taphrorychus  Eichhoff 

Tiipltrorycliiis  Eichhoff,  1878,  preprint  of  Mem.  Soc. 
Roy.  Sci.  Liege  (2)8:49,  204  (Type-species:  Bos- 
tricliiis  bicolor  Herbst,  siibsecjuent  designation  liv 
Hopkins  1914) 

Saliciphilus  Sokanovskii,  1954,  ByuU.  Mosk.  O.  I.  P. 
(Biol.)  59:17,  20  (Type-species:  Htipotheneinus 
inachnovskii  Sokanovskii,  original  designation). 
New  .sijnonymij 

Taphrotcrus  Schedl,  1965,  Ann.  Hist.  Nat.  Mns.  Nat. 
Hnngarici  57:341  (Type-species:  Tapliwtcres  pii- 
niitus  Schedl,  monoliasic).  New  sijnontpnii 

Two  paratypes  of  Hypothenemus  mach- 
novskii  Sokanovskii  in  my  collection  have 
been  studied  and  pondered  for  many  years. 
After  examining  two  additional  paratypes  in 
the  Schedl  collection,  I  now  agree  with 
Schedl  (private  notes)  that  this  species  should 
be  placed  in  TapJiwrychus.  Because  H.  mach- 
novskii  is  the  type-species  of  the  generic 
name  SaUciphihts,  this  genus  must  be  placed 
in  synonymy  as  indicated  above. 

Also  in  the  Schedl  collection  is  one  para- 
type  of  TapJiroterus  primitus  Schedl,  type- 
species  of  the  genus  in  which  it  was  named. 
This  species  is  allied  to  the  three  Japanese 
species  named  by  Murayama  and  is  here 
transferred  to  Taphorychus.  This  transfer  of 
its  type-species  requires  that  Taphroterus  be 
placed  in  synonymy  as  indicated  above. 


Scolytogenes  Eichhoff 

'^eohjtogeneii  Eichhoff,  1878,  preprint  of  Mem.  Soc.  Rov. 

Sci.  Liege  (2)  8:475,  479  (Type-species:  Seoliito- 

genes  darwini  Eichhoff,  monobasic) 
\yl(Hni})tus  Schedl,  1975,  Ann.  Naturhistor.  Mus.  Wien 

79:352    (Type-species:    Xylocryptits    papiunuis 

Schedl,  original  designation).  New  synouyniy 

The  genus  Scolytogenes  Eichhoff  is  a  large 
and  moderately  diverse  tropical  genus  that 


Tricolus  Blandford 

Trieolus  Blandford,  1905,  Biol.  Centr.  Amer.,  Coieopt. 
4(6):286  (Type-species:  Trieoliis  oiieolli.s  Bland- 
ford, snbsequent  designation  by  Hopkins  1914) 

Pteroeiielonoidea  Schedl,  1970,  Koleopt.  Rimdschan 
48:101  (Type-species:  Pterocyelonoidcs  oetoden- 
tdttis  Schedl,  monobasic).  New  synonyDii/ 

The   unique   holotype   of  Pterocyelonoidcs 
octodentatus   Schedl   was   examined.   It   is  a 
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small,  very  slender  member  of  the  genus  Tri- 
colus  and  is  allied  to  other  Brazilian  members 
of  that  genus.  Because  it  is  the  type-species 
of  Ptcrocyclotwidcs,  this  transfer  requires  that 
the  jiuiior  generic  name  be  placed  in  synony- 
my as  indicated  above. 

Triotemntis  Wollaston 

Triotcniuiis  Wollaston,  1864,  Catalog  C^oleopt.  Canaries, 
p.  264  (Type-species:  Triotcinnns  siilirctiisiis  Wol- 
laston, monobasic) 

Cladoctoponus  Schedl,  1975,  Rev.  suisse  Zool.  82:454 
(Type-species:  Chidoctopomis  scrofa  ScliecU, 
original  designation).  Xcic  .st/noni//H!/ 

Two  paratypes  of  Cladoctoporcus  scrofa 
Schedl  and  a  diagram  in  the  Schedl  collection 
of  the  holotype  indicate  that  this  .species  is  an 
average  member  of  the  genus  Triotemnus 
Wollaston.  I  find  no  characters  not  also  rep- 
resented in  other  members  of  this  genus  and 
note  that  Schedl  erroneou.sly  reversed  the 
sexes.  Tlie  generic  transfer  of  the  type-species 
requires  tliat  the  name  Cladoctoporcus  be 
placed  in  synonymy  as  indicated  above. 

Xijlosandrus  Reitter 

Xykmimlnis  Reitter,  1913,  \\iener  Ent.  Zeit.  32  (Bei- 
heft):80,  83  (Type-species  Xylc])onis  ntori'^cnis 
Blandford,  monobasic) 

Apoxylcboru.^  Wood,  1980,  Great  Basin  Nat.  40:90 
(Type-species:  Xylchonis  nianctis  Blandford,  orig- 
inal designation).  New  synonijmii 

After  examining  in  the  Schedl  collection 
several  himdred  .species  of  Xyleborini  not 
previoiLsly  known  to  me,  my  concept  of  the 
genus  Xijlosandrus  Reitter  has  changed 
slightly.  Xyleborus  mancus  Blandford,  type- 
species  of  Apoxylehorus  Wood,  is  here  trans- 
ferred to  Xylosandrus  and  my  generic  name 
is  placed  in  synonymy  as  indicated. 

Xylosandrus  and  Censtits  Sampson  are 
much  larger  than  previously  supposed  and 
may  intergrade.  Much  more  study  will  be  re- 
quired to  determine  the  extent  and  reliability 
of  the  apparent  character  gap  that  separates 
them. 

New  Taxa 

Phloeographus,  n.  gen. 

This  genus  is  allied  to  Polygraphus  Erich- 
son,  but  is  distinguished  by  the  two  slightly 
procurved  sutures  on  the  antennal  club,  by 
the  emarginate  eye,  and  by  the  Tomicus-\ike 
elytral  declivity.  Additional  generic  charac- 


ters are  incorporated  into  the  de.scription  of 
the  type-species. 

Type-species:  Phloeographus  mamibiae,  n. 
sp. 

Phloeographus  mamibiae,  n.  sp. 

This  species  resembles  primitive  Polyg- 
raphus species  except  as  noted. 

Female.—  Length  2.2  mm;  proportions  not 
measured  but  body  about  2.4  to  2.6  times  as 
long  as  wide;  color  dark  brown. 

Frons  .shallowly  concave  from  eye  to  eye 
from  epistoma  to  vertex;  denselv  punctured 
and  ornamented  by  .short,  den.se  pile,  margin- 
al setae  very  long.  Eye  emarginate.  Antennal 
funicle  5-segmented,  club  moderately  asym- 
metrical and  acuminate  as  in  Polygraphus, 
with  two  clearly  marked,  .slightly  procurved, 
aseptate  sutures.  Scutellum  not  visible.  Pro- 
notum  and  elytra  about  as  in  Tomicus  but 
slightly  resembling  Polygraphus;  strial  punc- 
tures in  rows,  punctures  small,  impressed;  in- 
terstriae  almost  .smooth,  with  fine,  uni.seriate 
punctures,  each  bearing  a  row  of  short,  unise- 
riate  scales  toward  declivity.  Declivity  about 
as  in  Tomicus,  with  interstriae  2  weakly  im- 
pressed, 1  and  3  each  with  a  row  of  about 
five  small  tubercles. 

Holotype.—  The  unique  female  holotype 
is  labeled:  "S.  W.  Afr.,  Damara,  Farm  Beth- 
anis,  20.25  S-14-24E;  17-2-1978;  E-Y:673, 
grassnetting,  leg.  Endrody  and  Schulze."  The 
specimen  bears  a  Schedl  label  indicating  that 
he  made  a  micro.scope  slide  mount  of  one  an- 
tenna and  a  label  bearing  the  manuscript 
name  Halytes  mamibiae. 

The  holotype  is  in  the  Naturhistorisches 
Museum  Wien,  Austria. 

Saurotocis,  n.  gen. 

As  indicated  above,  Micracidendron  mon- 
tanum  Schedl  was  tranferred  to  the  genus 
Mimiocurus  of  the  Corthylini.  However,  the 
other  two  species  that  were  placed  in 
Micracidendron  by  Schedl,  tomicoides  Schedl 
and  dispar  Schedl,  belong  to  a  new  genus  of 
Micracini  that  is  described  as  follows. 

Description.—  Eye  short,  oval,  entire.  An- 
tennal club  2.0  or  more  times  as  long  as  wide, 
covered  bv  dense,  fine,  short  pubescence,  en- 
tirely unmarked  by  sutures.  Protibia  slender, 
with    three   socketed   teeth   on   outer   apical 
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margin  as  in  Pseudothysanoes.  Elytral  apex 
acuminate,  mucronate;  female  declivity 
simple,  male  somewhat  impressed  medially, 
lateral  areas  elevated  and  remarkably  orna- 
mented by  spines. 

Type-species:  Micracidendron  tomicoides 
Schedl. 

Phloeociirus,  n.  gen. 

Schedl  (1937,  Ann.  Mag.  Nat.  Hist. 
(12)10:875)  named  Hijlocurus  africaniis,  a 
phloeophagous  species,  in  a  xylophagous 
genus  not  previously  known  to  occvu-  in  Af- 
rica. My  examination  of  most  of  the  type 
series  indicates  that  this  species  belongs  to  a 
new  genus  that  is  described  as  follows. 

Description.—  Eyes  entire,  finely  faceted, 
elongate,  2.5-3.0  times  as  long  as  wide.  Fe- 
male frons  convex.  Protibia  more  or  less  cy- 
lindrical, with  socketed  denticles  on  apical 
margin,  not  armed  on  posterior  face  by  tu- 
bercles. Antennal  club  with  two  moderately 
procurved  sutures  marked  by  rows  of  setae. 
Elytral  apex  acuminate  and  somewhat 
mucronate;  declivity  convex,  armed  by  mod- 
erately coarse  tubercles  in  both  sexes. 
Phloeophagous. 

Type  species:  Hylocurtis  africanns  Schedl. 

Peridnjocoetes,  n.  gen. 

Schedl  (1964,  J.  Australian  Ent.  Soc. 
11:146)  cites,  without  giving  names,  the  as- 


signment of  three  species  to  Peridnjocoetes 
and  names  qiieenslandi  in  this  genus,  al- 
though it  is  not  congeneric  with  the  other 
three.  A  search  of  his  collection  and  of  the 
catalog  of  types  in  his  collection  (Schedl, 
1979,  Kataloge  der  wissenschaftlichen  Samm- 
limgen  des  Naturhistorischen  Museums  in 
Wien,  Entomologie,  Band  3,  heft  2,  286  p.) 
indicates  that  the  three  original  species  were 
Ozodendron  nitens  Schedl,  Xyleborus  pelici- 
fonnis  Schedl,  and  Dryocoetes  minntissimus 
Schedl.  However,  searches  of  his  published 
papers  and  of  major  indexes  to  taxonomic  lit- 
erature did  not  locate  a  description  or  other 
validation  of  the  generic  name.  Because  a 
name  is  needed  for  my  review  of  the  genera 
of  Scolytidae,  this  genus  is  described  here. 

The  genus  Peridnjocoetes  is  distinguished 
from  Cyrtogenius  and  Dryocoetes  by  charac- 
ters of  the  body  form,  antennal  club,  pro- 
notum,  and  elytra  as  described  below. 

Description.—  Body  stout,  2.0-2.1  times 
as  long  as  wide.  Pronotum  uniformly  asperate 
to  base,  with  no  punctures  indicated;  summit 
on  basal  fourth.  Antennal  club  either  without 
sutures  or  with  suture  1  on  basal  fourth;  this 
suture  almost  straight,  except  recurved  at 
margins.  Procoxae  narrowly  separated.  Ely- 
tral declivity  convex,  strongly  arched,  apical 
fourth  exceeding  vertical  and  undercutting 
median  area  at  and  near  apex. 

Type-species:  Ozodendron  nitens  Schedl. 


ECOLOGICAL  STUDIES  OF  A  REGULATED  STREAM: 
HUNTINGTON  RIVER,  EMERY  COUNTY,  UTAH 

Robert  N.  VVinget' 

.\bstr\ct.—  a  36.9x10"  m'  reservoir  constructed  on  Huntington  River,  Emery  County,  Utah,  resulted  in  changes 
in  ph\sical  habitat,  water  quahty,  temperature,  and  flow  regime.  The  greatest  changes  in  physical  habitat  resulted 
from:  (1)  sediment  additions  from  dam  and  road  construction  plus  erosion  of  reservoir  basin  during  filling;  and  (2) 
changing  stream  flow  from  a  spring  high  runoff  regime  to  a  moderated  flow  regime.  Elimination  of  spring  nutrient 
concentration  peaks  and  overall  reduction  of  total  dissolved  nutrient  availability  in  the  river  plus  moderate  reduc- 
tions in  pH  were  the  most  apparent  water  quality  changes  below  the  reservoir.  Water  temperature  changes  were  an 
increased  diurnal  and  seasonal  constancy,  summer  depression,  and  winter  elevation,  generally  limited  to  a  10-12  km 
reach  below  the  dam. 

Physical  and  chemical  changes  altered  macroinvertebrate  community  structure,  with  changes  greatest  near  tiie 
dam  and  progessivelv  less  as  distance  downstream  increased.  Below  the  dam:  (1)  more  environmentally  tolerant  ta.xa 
increased  their  dominance;  (2)  relative  numbers  of  smaller  sized  individuals  increased  in  relation  to  larger  individ- 
uals; and  (.3)  filter  feeding,  collector/gatherers,  and  scrapers  gained  an  advantage  over  shredders.  Insect  taxa  such  as 
Rliithwf^cna  wbtistci,  PteronarceUa  Inidici,  and  EpheniercUa  doddsi  were  eliminated  from  stream  reaches  near  the 
dam,  and  other  taxa  such  as  Aictop.siiche  g»Y;;if/i.s,  Chironomidae,  and  Simuliidae  increased  in  numbers.  Late  spring 
to  earlv  summer  egg  hatch  proved  to  be  a  disadvantage  to  Bracliyceutrus  occidcntcdis.  and  B.  americanus,  with  a  fall 
hatch,  was  less  impacted  bv  altered  river  flow  patterns.  Macroinvertebrate  taxa  with  small  instar  larvae  present  from 
late  summer  to  earlv  fall  were  negativelv  impacted  by  the  unnaturally  high  July  and  .\ugust  flows.  The  reservoir  be- 
came a  physical  barrier  to  downstream  larval  drift  and  upcanyon  and  downcanyon  immigration  of  adults,  resulting 
in  reduced  numbers  of  several  species  above  and  below  the  reservoir. 


Huntington  Canyon,  approximately  890 
square  km  drainage,  lies  along  the  eastern 
slope  of  the  Wasatch  Plateau  in  Emery 
County,  east  central  Utah  (Fig.  1),  and  is  part 
of  the  Colorado  River  drainage.  Huntington 
River  originates  in  the  Manti-LaSal  National 
Forest  at  an  elevation  of  about  3000  m  and 
flows  83  km  to  the  southeast  to  its  confluence 
with  the  San  Rafael  River.  Precipitation  in 
the  upper  canyon  (75-100  cm  annually) 
comes  primarily  from  winter  snows.  In  the 
lower  regions  of  the  canyon,  precipitation 
(30  cm)  mainly  comes  in  the  form  of  high-in- 
tensity summer  thunderstorms. 

Two  430-megawatt,  coal-fired  electric 
generating  units  have  been  built  by  Utah 
Power  and  Light  Company  near  the  mouth 
of  Himtington  Canyon.  To  provide  water  for 
the  plant,  a  36.9x10^  m'  (30,000  ac-ft)  reser- 
voir was  constRicted  on  Huntington  River  32 
km  upstream  (Fig.  1).  The  reservoir  (Electric 
Lake)  began  to  fill  the  fall  of  1973.  Since 
then,  river  flows  and  water  temperature  and 
quality  have  been  altered  below  the  dam.  As 


stated  by  Ward  and  Stanford  (1979),  "the  riv- 
er continuum  ...  is  profoundly  interrupted 
when  dams  are  employed  by  man  to  im- 
pound or  divert  river  flow."  The  resultant  ef- 
fects of  these  changes  on  Huntington  River 
macroinvertebrates  were  the  major  concern 
of  this  study. 

Most  impoundment  related  impacts  on  re- 
ceiving streams  can  be  classified  into  seven 
basic  types:  (1)  nutrients  and  fine  sediments 
from  reservoir  basins  being  washed  down- 
stream (mainly  in  new  impoundments),  (2) 
addition  of  plankton  to  downstream  reaches, 
(3)  discharge  of  sediment-free  water  from  the 
reservoir,  (4)  alteration  of  natural  water  tem- 
perature regimes,  (5)  alteration  of  natural 
flow  regimes,  (6)  water  chemistry  changes 
created  by  the  impoundment,  and  (7)  ob- 
stacles to  primary  macroinvertebrate  recolo- 
nization  mechanisms. 

Although  an  effort  may  be  made  to  remove 
organic  materials  from  new  reservoir  basins 
before  filling  (trees,  brush,  and  grasses),  soils 
still  contain  quantities  of  soluble  and  small 
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Fig.  1.  Huntini'ton  River  drainage  showing  location 
of  Electric  Lake  Reservoir,  the  Huntington  Power  Gen- 
erating Station,  and  stiidv  sampling  stations. 

particulate  nutrients.  These  nutrients  enter 
reservoir  waters  during  filling  and  flow  from 
the  reservoir  with  release  water.  Silts  produc- 
ed during  construction,  in  combination  with 
nutrients  from  the  impoundment  in  release 
waters,  can  cause  increased  algal  growth  be- 
low a  dam  (Mulligan  and  Baranowski  1969). 
Spence  and  Hynes  (1971)  noted  that  plankton 
from  an  impoundment  often  produced  a 
macroinvertebrate  community  composition 
in  the  receiving  stream  like  that  found  in 
streams  affected  by  moderate  organic  enrich- 
ment. Increased  epilithic  algae  below  im- 
poundments can  result  from  clarifying  effects 
of  the  reservoir,  stabilization  of  substrates,  in- 
creased nutrients,  and  higher  water  temper- 
atures (Lowe  1979,  Ward  1976a).  Barber  and 
Kevern  (1973)  found  that  increases  in  per- 
iphyton  density  decreased  water  current, 
with  a  corresponding  deposition  of  fine  sedi- 
ments and  detrital  materials.  These  mats  of 
algae  can  act  as  additional  habitat,  trapping 
detrital  material  and  forming  false  bottoms 
(Pfitzer  1954),  offering  considerable  shelter 
from    the    current    and    providing   abvmdant 


food  supply  for  some  macroinvertebrates 
(Spence  and  Hynes  1971). 

In  a  study  on  the  North  and  South  forks  of 
the  Anna  River  in  Virginia,  Kondratieff  and 
Voshell  (1981)  indicated  that  low  winter  river 
water  temperatures  persisted  longer  into  the 
summer,  and  warmer  summer  temperatures 
persisted  longer  into  the  fall  in  the  im- 
pounded than  in  the  unimpounded  river. 
Ward  (1976b)  reported  that  some  insects  can- 
not lay  eggs  when  temperatures  are  low,  and 
eggs  of  others  will  not  develop  without  cold 
temperatures.  Eggs  of  some  mayfly  species 
must  be  subjected  to  near  freezing  temper- 
atures before  hatching  (Lehmkuhl  1972).  Al- 
tered temperatures  can  cause  development 
and  emergence  to  occur  earlier  or  later  than 
they  would  naturally  (Coutant  1968,  Nebeker 
1971,  Lillenammer  1975). 

Rivers  have  distinct  natural  flow  regimes 
depending  on  several  factors,  including  the 
size  of  the  area  being  drained,  when  and  how 
much  precipitation  falls,  and  when  and  hov/ 
fast  snow  melts,  etc.  Aquatic  life  is  accus- 
tomed to,  and  even  benefits  from,  natural 
flow  regimes  found  in  nature.  Insects  avoid 
natural  spring  runoff  stresses  by  burrowing 
into  the  substrate,  emerging  as  adults  prior  to 
RHioff,  or  seeking  slower  portions  of  the  riv- 
er. They  have  adapted  to  the  natural  high 
and  low  flow  patterns  found  in  rivers.  If, 
however,  a  large  release  was  made  "out  of 
season"  with  high  water  velocity  and  accom- 
panying sediment  movements,  fragile  emerg- 
ing adults  could  be  killed  before  leaving  the 
stream,  early  instar  larvae  could  be  covered 
with  sediments  and  smothered,  or  sediments 
could  interfer  with  feeding  behavior.  But  if 
normal  high  flows  are  eliminated,  sediments 
and  algal  growth  would  be  allowed  to  build 
up  from  year  to  year,  covering  a  major  por- 
tion of  available  substrates  (Ward  1974). 

If  macroinvertebrate  species  are  elimi- 
nated from  a  stream  reach  by  a  short-term 
perturbation,  recolonization  is  usually  quick. 
This  is  accomplished  by:  (1)  immatures  drift- 
ing downstream  from  upstream  imimpacted 
reaches,  (2)  adults  immigrating  to  the  im- 
pacted area  and  depositing  eggs  (adults  could 
come  from  upstream  or  downstream),  and  (3) 
immatures  crawling  into  the  area  from  down- 
stream. Drift  recolonization  is  apparently  the 
most  important  of  the  three  recolonization 
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mechanisms.  Drift  was  shown  by  Gore  (1979) 
to  recolonize  a  newly  openned  river  channel 
reach  in  120  days.  Bishop  and  Hynes  (in  Gore 
1979)  estimated  that  upstream  migration  ac- 
counts for  only  about  6.5%  of  the  recoloniza- 
tion  in  a  natural  stream  community.  In  a 
study  made  by  Hilsenhoff  (1971)  of  a  newly 
dammed  stream  in  Wisconsin,  some  insects 
did  not  appear  in  the  community  below  the 
dam  for  two  years  after  they  were  elimi- 
nated. Apparently,  elimination  of  drift  by  an 
impoundment  slows  recolonization  of  the  im- 
poundment downstream.  Large  impound- 
ments can  interfer  with  downstream  drift  of 
immatures  and  adult  immigration  both  up 
canyon  and  down. 

Methods 

This  report  presents  a  summary  of  the  re- 
sults of  studies  at  five  stations  on  Huntington 
River,  one  above  Electric  Lake  (Station  4- 
UPH)  and  four  stations  below  the  lake  (Sta- 
tions D-4,  HELD,  7-HSS,  12-HBM)  (Eig.  1). 
Station  4-UPH  is  located  between  Swens  and 
Burnout  Canyons  approximately  10  km 
above  Electric  Lake  Dam  at  an  elevation  of 
2620  m.  This  station  was  not  affected  by  dam 
construction,  but  construction  of  a  youth 
camp  5  km  upstream  added  sedimentation 
and  organic  enrichment  during  1976  to  1978. 
Station  D-4  is  located  2  km  below  Electric 
Lake  Dam  at  an  elevation  of  2530  m.  Station 
HELD,  located  7  km  below  Electric  Lake 
Dam  at  an  elevation  of  2470  m,  was  estab- 
lished in  1978  to  describe  sediment  move- 
ment downstream.  Station  7-HSS  is  located 
13  km  downstream  from  Electric  Lake  Dam 
at  an  elevation  of  2410  m.  Station  12-HBM  is 
located  approximately  32  km  downstream 
from  Electric  Lake  Dam  at  an  elevation  of 
2010  m  and  1.7  km  above  the  Huntington 
Canyon  Generating  Station. 

Water  quality  data  used  in  this  report  were 
obtained  from:  (1)  water  quality  samples  col- 
lected and  analyzed  by  the  Environmental 
Analysis  Laboratory,  Brigham  Young  Univer- 
sity, (2)  a  water  quality  monitoring  program 
conducted  by  Vaughn  Hansen  Associates, 
Salt  Lake  City,  Utah,  and  (3)  on-going  water 
quality  monitoring  by  the  Bureau  of  Recl- 
amation, USDI.  Algal  bioassays  were  con- 
ducted  by    Porcella    and    Merritt    (1976). 


Bioassay  test  conditions  were  generally 
equivalent  to  EPA  procedures  (EPA  1971). 
Several  constant  temperature  Ryan  thermo- 
graphs were  placed  in  selected  sites  on  Hun- 
tington River  during  the  1971-74  period. 
Temperatures  were  measured  during  winter, 
spring,  and  summer  months.  All  stream  dis- 
charge values  were  taken  from  USGS  and 
UP&L  gauging  station  records.  Results  are 
presented  as  daily  and  monthly  mean  cfs 
discharges. 

Three  to  four  sediment  samples  per  station 
per  date  were  taken  from  potential  trout- 
spawning  gravel  beds  using  a  15.24  cm  diam- 
eter steel  cylinder  sampler  similar  to  the  one 
described  by  McNeil  and  Ahnell  (1964).  Sam- 
ples were  generally  taken  during  early 
spring,  midsimimer,  amd  late  fall  each  year, 
with  extra  samples  taken  in  relation  to  in- 
creased discharges  from  Electric  Lake.  Sedi- 
ments were  dried  and  then  separated  into 
specified  size  classes:  gravel  (>4.75  mm  di- 
ameter), coarse  sand  (2.0-4.7  mm),  medium 
sand  (0.5-1.99  mm),  fine  sand  (0.075-0.49 
mm),  and  silt/clay  (< 0.074  mm)  (Cummins 
1962).  The  total  amount  <0.85  mm  is  re- 
ferred to  as  total  fines  at  each  station. 

Macroinvertebrate  samples  were  taken 
with  a  Surber  Sampler  (Surber  1937)  modi- 
fied by  Winget  (Fig.  2).  The  modified  sam- 
pler was  designed  with  a  larger  collecting 
bag,  to  prevent  backwash  when  collecting  in 
deep  water,  and  280-um  mesh  netting  to  col- 
lect small  instar  larvae.  Samples  were  taken 
using  the  stratified  random  method  (Weber 
1973)  with  rubble  substrate  in  riffles  as  se- 
lected habitat.  Four  samples  per  station  per 
date  were  collected,  fulfilling  guidelines  giv- 
en by  Elliott  (1971).  In  the  field,  each  sample 
was  washed  into  a  plastic  dish  pan  and  cov- 
ered with  a  saturated  sodium  chloride  (NaCl) 
solution  (specific  gravity  1.19),  which  caused 
macroinvertebrates  and  organic  debris  to 
float  above  the  inorganic  sediments  (Rees  and 
Winget  1970).  Floating  organic  material  was 
poured  off  through  a  250-um  mesh  sieve  (Ty- 
ler equivalent  60  mesh),  placed  in  a  labeled 
bottle,  and  preserved  in  10%  formalin 
solution. 

At  the  laboratory,  samples  were  divided 
into  eight  equal  parts  using  a  subsampler 
(Waters,  1969).  Two  to  four  subsamples,  de- 
pending  on   the   estimated   total   number  of 
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280  um  mesh  NItex 


'2.5  X  0.5  cm  Aluminum  Frame 


Fi<j;.  2.  Surber  sampling  device  as  modified  by  R.  N.  WinJet  in  1971. 


insects  in  the  sample,  were  randomly  selected 
for  processing.  The  remainder  of  the  sample 
was  preserved  for  later  reference.  Organisms 
were  sorted  to  taxonomic  groups,  identified 
and  counted,  and  body  lengths  of  selected 
taxa  were  measured  in  mm,  not  counting  an- 
tennae or  cerci  length  (length  measurements 
were  used  to  define  life  histories).  Organisms 
were  dried  for  8-10  hours  at  80  C  and  then 
weighed  to  the  nearest  0.1  mg.  Data  were 
analyzed  for  total,  and  by  taxon  densities  and 
biomass,  and  community  dominance  diversity 
(H  by  Shannon  and  Weaver).  Beginning  in 
1978,  taxon  (TQ)  and  community  (CTQa  and 
CTQd)  tolerance  quotients  (Winget  and 
Mangum  1979,  and  Winget  1984b)  were 
calculated. 

Results  And  Discussion 

Water  Quality 

Before  Electric  Lake  began  filling,  bi- 
carbonate alkalinity  in  Huntington  River 
generally  had  an  annual  cycle  with  values 
175-250  mg/1  from  the  first  of  August 
through  the  beginning  of  ninoff  in  April  or 
May;  as  runoff  increased,  alkalinity  decreased 
until  at  peak  runoff  it  was  only  125-150 
mg/1;  and  as  nmoff  decreased  through  June 
and  July,  alkalinity  gradually  increased  again. 
With  Electric  Lake  and  the  moderated  flows, 
alakalinity  levels  have  had  less  seasonal  fluc- 
tuation, with  lows  corresponding  to  high  res- 
ervoir discharges  rather  than  spring  runoff. 
Bicarbonate  alkalinity  average  concentra- 
tions  during    1971-1973    (preimpoundment) 


and  1974-1979  (impoundment)  were 
145-179  and  154-216  mg/1,  respectively. 

The  pH  of  Huntington  River  waters  before 
Electric  Lake  generally  ranged  from  7.5  to 
8.8,  with  lower  values  during  winter/spring 
and  higher  values  during  summer/fall.  Aver- 
age pH  for  1971-1973  was  8.3-8.5  at  all  sta- 
tions. Huntington  River  is  a  bicarbonate-buf- 
fered stream  accounting  for  the  small  pH 
changes  recorded.  After  Electric  Lake  began 
to  fill,  pH  of  waters  entering  Huntington 
River  from  the  reservoir  were  7.0-8.3,  with 
7.0-7.6  being  the  most  common.  Moving 
downstream,  pH  soon  increased  to  near  pre- 
impoundment values.  For  the  period 
1974-79,  pH  averaged  8.1  above  Electric 
Lake  (Station  4-UPH),  7.5  at  the  dam  outfall, 
7.8  at  Station  D-4  (2  km  below  the  dam),  8.0 
at  Station  7-HSS  (13  km  below  the  dam),  and 
8.2  at  Station  12-HBM  (32  km  beloM  'h.- 
dam). 

Specific  conductance  was  highly  variable 
and  increased  downstream.  Yearly  average 
conductivities  above  Electric  Lake  ranged 
from  230  to  280  umbos /cm,  249  to  346  at  the 
outlet,  317  to  470  at  Station  7-HSS,  and  334 
to  519  at  Station  12-HBM.  Annual  mean  sul- 
fate concentrations  at  Stations  4-UPH  and 
12-HBM  were  approximately  5  mg/1  and 
13.4  mg/1,  respectively. 

Nutrients  in  Huntington  River,  represented 
as  nitrate  nitrogen  and  ortho-phosphate,  un- 
derwent significant  changes  in  relation  to 
Electric  Lake.  Before  Electric  Lake,  both  nit- 
rate and  ortho-phosphate  concentrations  in- 
creased with  spring  snowmelt.  Dissolved  nu- 
trients   from    litter    decomposition    were 
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Fig.  3.  Average  nitrate  concentrations  for  1971-73 
(preimpoundment),  1974-75  (initial  filling  period),  and 
1976-79  (impounded)  at  three  stations  on  Hnntington 
River. 

carried  into  the  stream  with  surface  snow- 
melt,  causing  April-Jime  peaks  in  concentra- 
tion (Figs.  3  and  4).  Borman  and  Likens 
(1979)  foimd  that  plant  communities  accumu- 
late nutrients  and  some  salts  in  a  plant-soil 
reservoir,  and  removal  of  the  plant  cover  re- 
sults in  increases  in  concentration  of  nutrients 
and  salts  in  surface  nmoff  waters.  During  the 
1974-75  period,  following  clear  cutting  of 
trees  within  the  basin,  waters  began  to  cover 
exposed  soils.  Leaching  of  nutrients  and  salts 
was  rapid,  and  increased  ortho-phosphate 
and  nitrate  nitrogen  levels  were  obvious  be- 
low Electric  Lake  downstream  to  Station  7- 
HSS.  Biological  removal  in  the  stream  plus 
dilution  with  Left  Fork  waters  lowered  con- 
centrations so  that  at  Station  12-HBM  in- 
creases were  not  evident. 

Hannan  (1979),  in  a  review  of  chemical 
modifications  in  reservoir-regulated  streams, 
reported  that  biological  nutrient  depletion 
within  reservoirs  is  common.  During  the 
1976-19  period  nitrate  nitrogen  levels  were 
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Fig.  4.  Average  ortho-phosphate  concentrations  for 
1971-73  (preimpoundment),  1974-75  (initial  reservoir 
filling  period),  and  1976-79  (impounded)  at  three  sta- 
tions on  Huntington  River. 

lower  than  preimpoundment  years  at  all  sta- 
tions below  the  reservoir  (Fig.  3).  Huntington 
River  is  nutrient  poor,  so  biological  activity 
within  the  reservoir  readily  captured  most  of 
the  nutrients  entering  the  system,  resulting  in 
low  levels  of  dissolved  nutrients  in  discharge 
waters.  Ortho-phosphate  concentration 
changes  were  similar  to  nitrate  nitrogen,  ex- 
cept ortho-phosphate  showed  a  greater  in- 
crease during  fall  overturn  of  Electric  Lake 
than  did  nitrate  nitrogen. 

Results  of  a  bioassay  test  of  Huntington 
River  and  Electric  Lake  water  illustrated  the 
nutrient-poor  nature  of  these  waters.  Samples 
for  bioassay  were  taken  from  Huntington 
River  at  Station  4-UPH  and  from  the  reser- 
voir surface  near  the  dam  in  early  August 
1976.  Chemical  tests  indicated  phosphorus 
(P)  levels  in  both  samples  at  growth-limiting 
concentrations.  Ratios  of  total  inorganic  ni- 
trogen (N)  to  total  P  were  65  at  inlet  and  376 
at  site  1,  indicating  P  strongly  limiting  rela- 
tive to   N   (N/P>15   indicates  P  deficiency 
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and  N/P<15  indicates  N  deficiency). 
Bioassay  results  were  essentially  the  same  for 
the  two  samples.  The  samples  responded  to  P 
alone  and  N  plus  P  but  not  to  N  alone  or 
trace  elements  (T.E.)  alone.  Essentially  no 
growth  occurred  in  either  sample  alone,  thus 
verifying  the  low  P  levels  measured  chem- 
ically. Although  nitrogen  and  phosphorus  are 
generally  considered  the  most  important  lim- 
iting nutrients  for  aquatic  ecosystem  primary 
productivity,  based  on  biogeochemical  rea- 
soning (Hutchinson  1973),  carbon  dioxide  is 
also  often  limiting.  Carbon  dioxide  was  not 
considered  limiting  because  it  can  be  taken 
from  tlie  abimdant  bicarbonates  in  Electric 
Lake  and  Huntington  River.  The  geology  of 
drainage  basins  in  the  Huntington  Canyon 
area  indicates  that  insolubility  of  trace  ele- 
ments might  make  them  also  limiting  in  some 
cases. 

Dissolved  oxygen  (DO)  in  Huntington  Riv- 
er most  frequently  ranges  between  8  and  11 
mg/1.  Annual  average  DO  for  most  stations 
was  8-10  mg/1.  In  1974,  the  average  DO 
measured  above  Electric  Lake  was  10.3 
mg/1,  compared  with  7.8  at  the  dam  outlet, 
and  9.8  at  Station  D-4.  Dissolved  oxygen  con- 
centrations react  quickly  to  the  turbulent 
flows  in  Huntington  River  and  low  water 
temperatures;  thus  concentrations  were  near 
saturation  within  a  few  km  below  the  dam. 

Water  Temperature 

Reservoirs  can  alter  downstream  water 
temperatures  in  several  ways:  (1)  increased 
diurnal  constancy,  (2)  increased  seasonal  con- 
stancy, (3)  STuiimer  depression,  (4)  summer 
elevation,  (5)  winter  elevation,  and  (6)  ther- 
mal pattern  changes  (Ward  and  Stanford 
1979).  Thermal  changes  in  Huntington  River 
are  of  increased  diurnal  and  seasonal  con- 
stancy, summer  depression,  and  winter 
elevation. 

Changes  in  water  temperature  at  the  Elec- 
tric Lake  outlet  were  less  dramatic  compared 
with  preimpoundment  water  temperatures, 
but  in  response  to  environmental  stimuli,  wa- 
ter temperatures  returned  to  near  pre- 
impoimdment  ranges  within  a  short  distance 
downstream.  Factors  such  as  solar  radiation, 
air  temperature,  water  turbulance  (channel 
morphology),  amount  of  flow  (reservoir  dis- 
charge),  turbidity,   and   TDS   all   affect   a 


stream's  rate  of  water  temperature  adjust- 
ment to  "nomjfl/."  Normal  refers  to  the  tem- 
perature the  water  would  be  without  the  res- 
ervoir, or  under  natural  conditions. 

Before  Electric  Lake  (1971-1972),  diurnal 
summer  fluctuations  often  spanned  10  C,  but 
in  winter  and  during  peak  runoff,  diurnal 
fluctuations  seldom  exceeded  3  C  (Fig.  5). 
Before  Electric  Lake,  seasonal  fluctuations  at 
the  dam  site  were  18-20  C,  but  after  dam 
completion  (1974)  they  were  only  4-5  C. 
Winter  water  temperatures  (December)  at 
the  outlet  were  4-5  C  higher  in  1974  than  in 
1972,  compared  with  only  1-2  C  2  km  down- 
stream. Spring  temperatures  (June)  were 
5-7  C  lower  in  1974  than  in  1972  at  the  out- 
let, compared  with  only  3-4  C  2  km  down- 
stream. The  greatest  difference  was  during 
the  summer,  when  Electric  Lake  discharge 
waters  were  3-14  C  cooler  than  stream  water 
temperatures  before  Electric  Lake.  This  com- 
pares with  a  difference  of  3-8  C  2  km 
downstream. 

By  the  time  Huntington  River  waters 
reached  station  7-HSS,  13  km  below  Electric 
Lake,  water  temperatures  had  nearly  equili- 
brated with  environmental  factors  (Fig.  5). 
There  were  no  noticeable  differences  be- 
tween pre-  and  postimpoundment  water  tem- 
peratures. Direct  thermal  impacts  to  biota 
from  Electric  Lake  are  likely  limited  to  a  3-5 
km  reach  of  stream  below  Electric  Lake.  Be- 
cause of  downstream  drift  behavior  of  macr- 
oinvertebrates,  the  actual  impact  may  extend 
considerably  further  downstream.  Evidence 
discussed  later  indicates  that  in  Huntington 
River  thermal  impacts  on  stream  biota  are 
rather  minor  when  compared  to  impacts 
from  flow  modification  and  sedimentation. 

Sedimentation 

No  measurements  of  stream  sediments  in 
Huntington  River  were  made  prior  to  spring 
1974.  Because  of  this,  some  basic  assumptions 
have  been  made:  (1)  measurements  made  at 
Station  4-UPH  above  Electric  Lake  represent 
a  close  approximation  of  sediment  character- 
istics in  the  vicinity  of  Electric  Lake  Dam 
(Station  D-4)  before  construction  (1971);  and 
(2)  sediment  composition  during  1975  at  Sta- 
tion 7-HSS  represented  relatively  unim- 
pacted  conditions,  reflecting  pre- 
impoundment sediment  conditions  below 
Electric  Lake  Dam. 
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Fic  5  Fifteen-dav  mean  water  temperatures  by  hour  during  June,  August,  and  December  of  1971  or  1972  (pre- 
impoundment)  and  1974  (earlv  impoundment)  at  10  m  (outfall),  2  km  (Station  D-4),  and  13  km  (Station  7-HSS)  down- 
stream from  Electric  Lake  Dam. 
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Fi<j;.  6.  Annual  average  percent  by  weight  of  sediments  with  diameter  <().85  mm  at  tour  stations  on  Huntington 
River  1974-82. 


Before  Electric  Lake,  Huntington  River 
spawning  gravel  beds  were  composed  of 
75-90  %  gravel,  7-12  %  coarse  sand,  2-7  % 
medium  sand,  and  6-15  %  fine  sand  plus 
silt/clay.  This  compares  closely  to  values  re- 
ported for  several  California  streams  (Burns 
1970)  and  the  South  Fork  of  the  Salmon  Riv- 
er (Platts  and  Megahan  1975).  During  con- 
struction and  up  through  1982,  composition 
changed  below  Electric  Lake  to:  60-85  % 
gravel,  5-12  %  coarse  sand,  2-15  %  medium 
sand,  and  5-25  %  fine  sand  plus  silt /clay. 

As  in  other  studies  (Cordone  and  Kelly 
1961,  McNeil  and  Ahnell  1964,  Burns,  1970), 
sediment  composition  of  spawning  gravels 
was  summarized  as  percent  of  the  total 
sample  passing  through  a  0.850-mm  mesh 
screen  (Fig.  6).  It  is  assumed  that,  prior  to 
construction  of  Electric  Lake  Dam,  percent 
fines  (< 0.85mm)  at  all  sampling  stations  was 
below  15.  McNeil  (1964)  reported  15  %  as 
the  maximum  acceptable  level  of  fines  for 
succesful  trout  spawning.  Station  4-UPH,  lo- 
cated upstream  from  reservoir  construction 
activities,  was  to  have  been  the  control  sta- 
tion, but  construction  and  other  land-use  ac- 
tivities upstream  resulted  in  increased  load- 


ing of  fine  sediment  from  1975  to  1977  (Fig. 
6).  The  moderately  low  water  year  of  1976 
and  the  drought  of  1977  resulted  in  a  de- 
crease in  percent  gravels  as  medium  and  fine 
sand  plus  clay /silt  accumulated  (Fig.  7).  The 
high  water  year  of  1978  resulted  in  increased 
relative  gravel  content  to  1975  levels.  The 
low  water  year  of  1979,  in  addition  to  up- 
stream sedimentation,  resulted  in  increased 
levels  of  fines.  As  construction  activities  end- 
ed upstream  and  stream  banks  became  re- 
vegetated,  levels  of  fines  dropped  from  1980 
to  1982. 

Following  completion  of  Electric  Lake 
Dam,  reservoir  gates  were  closed  during  the 
greater  part  of  January  and  February  1974, 
reducing  flows  to  1  cfs  (0.03  cms)  and  less  be- 
low the  reservoir,  resulting  in  a  covering  of 
stream  substrates  with  fine  clay  and  silt  par- 
ticles. During  periods  of  natural  flows,  these 
materials  would  have  been  kept  in  suspension 
or  deposited  in  areas  of  low  water  velocity. 
Because  of  low  flows  and  associated  low  wa- 
ter energy,  even  riffle  areas  were  covered 
and  interstitial  spaces  sealed  with  fines. 
Brown  trout  eggs,  alevins,  and  fry  were  elim- 
inated from  a  10-km  reach  of  stream  immedi- 
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Fiij.  7.   Annual  average  bv  weiglit  sediment  composition  as  gravel,  eoarse  sand,  medium  sand,  and  fine  sand  plus 
silt  and  ela\'  for  four  stations  on  Huntinirton  River  1975-82. 


ately  downstream  from  the  dam  (pers.  comm 
with  John  Livesay,  UDWR,  Price  Office;  and 
Gervais  1975).  Stoneflies  (Plecoptera),  may- 
flies (Ephemeroptera),  and  caddisflies  (Tri- 
choptera)  were  also  largely  eliminated  from 
this  same  stream  reach. 

Knopp  (1978)  and  Gervais  (1975),  both  em- 
ployed by  the  Manti-LaSal  National  Forest, 
reported  (impubl.  management  reports)  sedi- 
ment buildup  in  Huntington  River,  largely 
confined  to  an  8  km  reach  of  channel  imme- 
diately below  Electric  Lake  Dam.  They  con- 
cluded that  "a  reduction  in  the  reproductive 
potential  [for  fish]  of  the  channel  gravels" 
had  occurred  due  to  the  accumulation  of 
"large  quantities  of  sediments  over  a  pro- 
longed period  in  Huntington  River." 

During  an  August  1978  flush,  flows  were 
increased  from  15-20  cfs  (0.4-0.6  cms)  to 
40-45  cfs  (1.1-1.3  cms)  and  held  there  2-3 
hr;  then  increased  to  155  cfs  (4.4  cms)  over  a 
16-hr  period  and  held  3-4  hr;  then  flows 
were  increased  to  185  cfs  (5.2  cms)  and  held 
28-30  hr;  then  decreased  back  to  15-20  cfs 
(0.4-0.6  cms)  over  a  24-hr  period.  A  total  of  4 
days  were  involved.  Suspended  solids  showed 
a  major  increase  (as  mg/1)  in  immediate  re- 


sponse to  the  first  two  flow  increases,  but 
then  levels  dropped  off  rapidly  even  though 
flows  continued  to  increase.  The  flush  re- 
sulted in  a  visible  decrease  in  surface  fines  at 
Station  D-4;  but  yearly  average  level  of  fines 
increased  over  1977  (Fig.  6).  At  Stations  H- 
FLD  and  7-HSS,  even  though  large  amounts 
of  fine  sediments  were  put  in  suspension, 
considerable  amounts  remained  in  the  chan- 
nel. The  flush  was  not  of  adequate  duration 
or  magnitude  to  transport  the  large  load 
more  than  3-6  km  downstream.  Thus,  even 
though  existing  fines  were  removed  from  Sta- 
tions HFLD  and  7-HSS,  fines  from  upstream 
reaches  were  apparently  redeposited,  result- 
ing in  increased  levels.  Knopp  (1978)  con- 
cluded that  the  flush  was  not  adequate  to 
physically  move  exisiting  gravels— that  would 
require  flows  over  300  cfs  (8.5  cms). 

Hansen  (1970)  reported  that  even  at  low 
discharges  a  stream  can  move  some  sand-size 
material,  and  the  amount  of  sand  in  the  total 
sediment  load  varies  considerably  between 
rising  and  falling  stream  discharges.  When 
particle-size  distribution  was  determined  dur- 
ing floods,  suspended  sediment  concentration 
(less  than  0.063  mm)  always  peaked  at  or  be- 
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Fig.  8.   Monthly  average  stream  flows  (cfs),  with  maximum  and  minimum  daily  average  flows  per  month  (vertital 
hnes),  at  Station  D-4  (2  km  below  Electric  Lake  Dam)  for  the  period  1970-80. 


tore  the  tlood  peak.  However,  material  great- 
er than  0.062  mm  peaked  later  and  displayed 
an  increasing  lag  as  it  moved  downstream. 
This  lag  was  apparently  due  to  the  natural 
tendency  of  coarse  bedload  material  to  move 
at  a  slower  mean  velocity  than  the  average 
stream  velocity.  The  lag  may  also  be  related 
to  an  increase  in  channel  sediment  storage 
during  high  flow. 

Station  D-4,  2  km  downstream  from  Elec- 
tric Lake  Dam,  received  a  heavy  load  of  fines 
during  construction  and  early  reservoir  filling 
(1972-75),  but  levels  of  fines  decreased  each 
year,  1976  through  1979,  and  remained  low 
through  1982  (Fig.  6).  Reduction  in  fines  was 
due  to  a  loss  of  silt,  clay  and  fine  and  medium 
sand,  with  a  corresponding  increase  in 
gravels  (Fig.  7). 

At  Station  HFLD,  levels  of  fines  decreased 
yearly,  from  1975  through  1977  (Fig.  6).  In 
1978  a  large  load  of  fines,  mainly  fine  sand, 
silt,  and  clay  (Fig.  7),  was  deposited  at  Sta- 
tion HFLD,  probably  the  result  of  the  August 
flush  bringing  accumulated  fines  from  up- 
stream areas.  Levels  of  fines  decreased  from 


1978  through  1982,  but  still  remained  higher 
than  at  the  other  stations. 

Sediments  at  Station  7-HSS  showed  no  im- 
pacts from  upstream  construction  until  1976 
—  levels  of  fines  during  1975  averaged  only  8 
%  (Fig.  6)  with  gravels  accounting  for  86  % 
of  the  total  (Fig.  7).  Levels  of  fines  nearly 
doubled  in  1976  (15  %)  and  gravels  dropped 
to  only  75  %.  The  August  1978  flush  resulted 
in  a  reduction  in  medium  sands  and  an  in- 
crease in  silt,  medium,  and  fine  sand.  From 
1978  to  1982  the  trend,  although  weak,  was 
an  increase  in  gravels  and  a  decrease  in  fine 
sands,  silts,  and  clays. 

Stream  Discharge 

Prior  to  1974,  stream  flows  in  Huntington 
River  above  Left  Fork  were  similar  to  most 
natural  mountain  streams  —  low,  nearly  con- 
stant flows  at  4-25  cfs  (0.1-0.7  cms)  from  Au- 
gust through  March;  a  rapid  increase  during 
spring  snow-melt  occurring  somewhere  from 
April  through  June,  with  monthly  means  be- 
tween 75-200  cfs  (2.1-5.7  cms);  and  a  gradu- 
al decline  through  June  and  July  (Fig.  8). 
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I  I 

Apr     Jun    Aug  Apr     Jun    Aug  Apr 

1976  1977  1978  1979  1980 

Fi<j.  9.   Moiithlv  average  stream  flows  (cfs),  with  ina.xiimiin  and  niiniiiuiiii  daily  average  flows  per  month  (vertical 
lines),  at  Station  12-HBM  (32  km  below  Electric  Lake  Dam)  for  the  period  1970-80. 


Following  completion  of  Electric  Lake 
Dam  (fall  of  1973),  flows  above  the  dam  con- 
tinued to  reflect  the  natural  hydrological 
cycle  of  the  canyon,  including  low  flows  dur- 
ing 1976  and  the  1977  drought.  Below  the 
dam  flows  were  regulated.  A  drawdown  of 
the  reservoir  in  1975  resulted  in  high  flows 
from  July  through  September,  rather  than 
from  April  through  Jvuie.  Flushing  flows  were 
released  in  August  1978  and  1979,  with  flows 
of  150-190  cfs  (4.2-5.4  cms)  and  160  cfs  (4.5 
cms)  for  3  days  each,  respectively.  In  1980, 
spring  nmoff  filled  Electric  Lake  completely 
and  water  spilled  over  the  top  of  the  spillway 
for  the  first  time,  resulting  in  flows  over  400 
cfs  (11.  3 cms)  during  the  month  of  June. 

Left  Fork  Huntington  Creek  doubles  the 
flow  of  Himtington  River,  on  the  average, 
plus  several  other  small  tributaries  enter  the 


river  above  Station  12-HBM.  Below  Left 
Fork,  stream  flows  reflected  a  near  natural 
flow  pattern,  with  the  exception  that  increas- 
es were  more  gradual  in  the  spring  and  peak 
flows  were  extended  into  June  and  July  (Fig. 
9).  This  was  the  result  of  prerunoff  and  sum- 
mer irrigation  releases  from  upstream  Left 
Fork  reservoirs. 

Macroinvertebrate  Communities 

The  macroinvertebrate  community  of 
Huntington  River  is  diverse,  containing  rep- 
resentatives inhabiting  all  major  stream  habi- 
tats, exhibiting  all  general  stream  organism 
habits,  and  exploiting  all  available  energy 
types  (Table  1).  There  are  taxa  considered  in- 
tolerant (TQs  <  36)  to  environmental 
changes  as  well  as  those  classified  as  extreme- 
ly tolerant  (TQs  >  90).  The  high  quality  of 
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Table  1.  List  of  taxa  collected  within  the  Huntiiit^ton  River  system,  with  habitat^,  habit^,  trophic  relationships*' 
and  tolerance  quotients  for  selected  taxa,  plus  the  percent  frequency  in  which  each  was  collected  in  quantitative 
samples.  Habitat,  habit  and  trophic  relationships  were  largely  taken  from  Merritt  and  Cummins  (1978). 


Habitat 


Habit 


Trophic 


TQ  Frequency 


Nematoda 
Gastropoda 

Lvmnaeidae 
lAjinmiea 
Phvsidae 
rhijsa 
Pianorbidae 
Pelecypoda 
Clitellata 

Oligochaeta 
Hirudinea 
Turbellaria 

Plana  rid 
Tardigrada 
Hvdracarina 
Cnistacea 
Amphipoda 

Gamniaridae 
Cladocera 

Daphnia 
Copepoda 
Cijclops 
Diaptoinis 
Ostracoda 
Insecta 

Ephemeroptera 
Siphlonuridae 
Aineletus 
Siphlonitrus 
occidcntalis 
Baetidae 
Bactis 

triiduddtu.s 
alcxandcri 
hkaiiddtti.s 
intennedius 
parvus 
Callihaetis 
cohradcnsis 
Heptageniidae 
Ueptaiienia 
Cintigmula 
Rhithrogrna 

whiistu 
Epeonis 
loni^inuiutis 
Leptophlebiidae 
Parah'ptoplilebia 
hetewuca 


1,2 

1,2,5 

l,det 

108 

80.6 

1,2 

1,2,3 

1,2,3,5 

108 

5.0 

1,2 

1,2,3 

1,2.3.5 

lOS 

8.8 

12 

1,2,3 

1,2,3.5 

108 
108 

10.6 
10.6 

1  2 

1,5 

4 

108 

35.0 

2,5 

1,2 

108 

98.8 

1 

6,8 

108 

108 

2.5 
11.9 

2 

1,2,3 

108 

0.6 

1  2 

1 

7,8 

108 

87.5 

1,2 

3,4 

1,2 

108 
108 

13.1 
0.6 
2.5 

3,4 

1,3,4 

18.7 

2 

3,4 

1.3,4.det,inv 

108 

50.0 

1,2 


3,5 


2,4 


1,2,4 


l,2,3,det 


108 


72 


53.8 


72 

0.6 

1,2 

3,4 

l,2,det,dia 

72 

4.4 

1,2 

3,4 

l,2,3,6,inv,det 

72 

1,2 

1,3,4 

l,2,3,det,dia 

72 

93.1 

48 

4.4 

1 

1,4 

1,2,3 

54 

45.0 

1,2 

1 

l,2,3,det,dia 

30 

68.1 

1 

3 

l,2,det,dia 

21 

45.0 

1 

1 

l,2,3,det,dia 

21 

28.1 

1,2 

1,2,4 

l,2,.5,det,dia 

24 

24.4 

'-'Trophic  relationship 

1  = 

=  collectors 

det  = 

=  detritus 

9   = 

=  gatherers 

dia  = 

=  diatoms 

.'3  = 

=  scrapers 

alg  = 

=  algae 

4  = 

=  filterers 

inv  = 

=  invertebrates 

5  = 

=  shredders 

ani  = 

=  animals 

6- 

engulfers 

7  = 

=  piercers 

8  = 

=  parasitic 

^Habitat 

1  =  erosional 

2  =  depositional 


t'Habit 

1  =  dingers 

2  =  sprawlers 

3  =  climbers 

4  =  swimmers 
.5  =  burrowers 

6  =  net  spinners 

7  =  tube  makers 

8  =  case  makers 

9  =  divers 

10  =  skaters 
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Habitat 


Habit 


Trophic 


TQ  Frequency 


EphemereUidae 
Ephemerella 

doddsi 
coloradensi.s 
inennis 
tibialis 
Caenidae 
Caenis 
simtilans 
Tricorythidae 
Tricorythodes 
minuttis 
Odonata 
Libelliilidae 
LiheUula 

quodrimaculata 
Gomphidae 
Erpetooompli  iis 

composittis 
Opliiogompluts 
severiis 
Coenagrionidae 
A  rgia 
Adrian 
Agrionidae 
Hetaeriiui 
ameiicana 
Plecoptera 
Nemouridae 
Amphinemura 
mogoUonica 
Malenka 

californica 
Prostoia 

besametsa 
Podmosta 

delicahda 
Zapada 
cinctipes 
haysi 
Xemoura 
Capniidae 
Capnio 
confttsa 
gracilaria 
nana  icasatcliac 
Eucapnopsis 
brevicaiida 
Isocapniu 
crinita 
veddcren.sis 
Utacapnia 
logana 
Taeniopterygidae 
Taenioncma 
nighpennc 
Pteronarcyidae 
PteivnarceUa 

badia 
Pteronarcys 
californica 


48 

2.5 

1,2 

1,2,4 

l,2.det,dia 

48 

25.6 

1,2 

1,2 

1.2,det,dia 

24 

65.6 

1 

1,2 

l,2,3,det.dia 

2 

15.6 

1 

1,2 

l,2,det,dia 

18 

8.8 

1,2 

1.2 

l,2.det,dia 

48 

7.3.1 

1 

1,2 

l,2,det,dia 

24 

16.2 

1,2 


1,2 
1,2 


1,2 


1,3 


1,2 
1,2 


l,2,3,det 


1.2,3,det 


6,inv,ani 


2 

5 

6,inv,ani 

1,2 

5 

6,inv,ani 

1,2 

1,2,3 

6,inv,ani 

1,2 

1,2,3 

6,inv,ani 

6,inv,ani 


1,2 

1,2 

l,2,5,det 

1,2 

1,2 

l,2,5,det 

1,2 

1,2 

3,5,det 

1,2 

1,2 

5,det 

1 

1,2 

5,det 

1,2 

1,2 

l,2,5,det 

1,2 

1,2 

5,det 

1,2 

1,2 

5,det 

5,det 
5,det 


1,2 

1,2 

5,det 

1,2 

1,2 

l,2,3,5,det 

1,2 

1,2 

3,5,6 

1,2 

1,2 

3,5,6,det 

72 


108 


72 


108 


18 
24 


18 

48 

24 
18 


0.6 


12.5 


72 

0.6 

108 

11.2 

108 

0.6 

108 

13.1 

108 

1.2 


24 

6.9 

6 

1.2 

36 

24 

20.6 

12 

0.6 

16 

12.5 

16 

6.2 

24 

3.8 

32 

28.1 

32 

8.1 

50.6 
20.6 
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Habitat 


Habit 


Trophic 


TQ 


Frequency 


Perlodidae 
Ciiltiis 

(icstivalis 
ho^enoules 
zionensis 
Ditira 

knotcltoni 
Isoperki 
full  a 
chrici 
patricid 
l)ftcrs(>ni 
cpiincpicpuiutdtd 
Mi'gcncijs 
signata 
Skwala 
parallehi 
Chloroperlidae 
AUoperhi 
severa 
Sweltsa 

coloradensis 
SuivaUki 

pallichihi 
Triznaka 
divcrsa 
signata 
Leuctridae 
rcrloinijia 
utahcnsis 
Perlidae 
Hesperoperia 
pacifica 
Peltoperlidae 
Yoraperla 
Heiniptera 
Saldidae 
Notonectidae 

Natonecta 
Corixidae 
Gerridae 
Gcrris 
Mesoveliidae 
Mesoveiia 
Veliidae 
Rlwgovclia 
Megaloptera 
Sialidae 
Sialis 
Triclioptera 

Khvacophilidae 
Rhyacophila 
coloradensis 
Hydropsychidae 
Hiidropsi/che 
Arctupsijche 
grandis 
inennis 
Cheumatopsyche 


1 

1 

6 

1.2 

1 

6,inv 

1 

1 

3,6 

1,2 

1,2 

l,2,6,inv 

1  1  6,3 

1  1  6,inv 

1  1  l,2,3,6,det,inv 


1,2 


1,2 


1,2 

1,2 

2 

3 

1.2 

4 

1,2 

4 

1,2 

10 

1,2 

10,2.3 

1 

10 

1,3,5 


5,det 


6.inv,ani 


3,5,det 


/,inv,ani 
7,6,alg,inv,det 

7,inv,det 


1,2,3,5,6 


48 
12 


24 


18 

24 
18 


24 

90 

108 
108 

72 

108 

104 

72 

18 


29.4 
1.2 

38.8 


24 

1.9 

24 

2.5 

48 

33.1 

48 

30.0 

24 

0.6 

24  8.8 

18  5.0 

24  50.6 


0.6 
9.4 


1.2 
0.6 


56.9 


6.2 

1 

1,6 

1.4,det,inv 

108 

67.5 

1 

1,6 

l,4,det,inv 

18 

41.2 

1 

1,6 

l,4,det,inv 

108 

2.5 
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Habitat 


Habit 


Trophic 


TQ  Frequency 


Psychomyiidae 

Psiirhomyia 
flavida 
Hvdroptilidae 
HydroptHa 
Ocliwfrichia 
StactohicUa 
Limnephilidae 
Asiinarcliii.s 
uioriculis 
IJmncphilus 

castor 
Dicosmoecus 

(I  tripes 
Hesperophijlax 

consimilis 
Oliff.jph  lebodes 

niiniitus 
(^rdiniuotaulius 

loerttae 
Neothremma 
Onocosinoecus 
Leptoceridae 

Oecctis 
Lepidostoniatidae 

Lcpidostorna 
Brachycentridae 
Brachiicer\triis 
americanus 
occidentalis 
Micrascma 
Oligoplectrum 
Glossosomatidae 
Glossosoma 
ProtoptUa 
Philopotamidae 
Chinunara 
Lepidoptera 
Pyralidae 
Para^ijractiis 
kearfottalis 
Coleoptera 
Haliplidae 
Halipus 
Bry  chilis 
Dytiscidae 
Deronectits 
dolerosus 
Agabits 
Acdiiis 

semiguleatus 
Oreodytes 
Rhantus 
Hydrophilidae 
Helophorus 
Crenitis 
Ametor 
Elmidae 
Cleptehnis 
Heterlimniiis 
Narptis 
Optioservus 


1,2 

1,6 

l,2,det,inv 

108 
108 

3.8 

1,2 

1,8 

3,7,det,al^ 

108 

14.4 

1,2 

1,8 

l,2,7,al,q,dia 

108 

3.8 

1,2 

1,8 

108 

0.6 

1,2 

1,2,3,8 

1,2 

108 

/  .5 

1,2 

1,2,3,8 

l,2,5,det 

108 

1.2 

1 

2 

3 

24 

5.6 

1,2 

2 

5,det 

108 

6.2 

1 

1 

1,2,3 

24 

24.4 

1,2 

3 

1,2,3 

108 

0.6 

1 

1 

1,2,3 

8 

1.9 

2 

2 

5 

18 

0.6 

1,2 

1,2,3 

5,6 

54 

1.2 

1,2 

1,2,3 

5,det 

18 

11.9 

1 

1,8 

l,4,3,det,dia 

24 

63.1 

1 

2,8 

l,2,5,det 

24 

8.1 

1 

1 

l,2,3,det,dia 

24 

0.6 

1 

1 

l,2,3,det,alg 

24 

0.6 

1 

1 

1.2,3,dia,det 

32 

1.2 

1,4 


24 


0.6 


2 

3,4,5 

5 

72 

1.9 
1.2 

3 

5,7,alg 

54 

3.1 

1,2 

1 

3,7,alg 

54 

2 

3,4 

6,7,inv,ani 

72 

4.4 

1,2 

3,4 

7,inv,ani 

72 

1,2 

4,9 

7,inv,ani 

72 

1,2 

4,9 

7,inv,ani 

72 

1,2 

3,4 

7,inv,ani 

72 

1,2 

4,9 

7,inv,ani 

72 

2 

3 

1,2,6,7 

72 

2.5 

1,2 

3 

7,det 

72 

1,2 

5 

72 

1,2 

1 

1,2 

72 

1,2 

1,3 

1.2,3,det.dia 

104 

84.4 
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Habitat 


Habit 


Trophic 


TQ  Frequency 


Hydraenidae 

Ihldmcna 
Drvopidae 

H  elk  III  IS 
Aniphizoidae 

Amphizod 
Diptera 
Tipulidae 

Anfocha 
tiiontirola 

Dicranota 

Tip  1 1  Id 

G  (formerly  called 

Holoriisid  grrt  ndis) 

Erioccrd 

Liinnophild 

Psciidolininophila 
Psvcliodidae 

Pchcoiiid 
Deuterophlebiidae 

Detitewphlchid 
coloradensis 
Culicidae 

Aedes 

hexodontus 
Chaoboridae 

Chdohoriis 
Dixidae 

Dixa 
Siiuuliidae 

Simuliiim 
diticum 
dureuin 
cdnadense 
vittatiim 

Prosimiilium 

oniichoddcfiiliiin 

Cncphid 
Chironomidae 
Ceratopogonidae 

Culicoides 

Forcipomyia 
Stratiomyidae 

Eiipdiiiphus 
Tabanidae 

Chnisops 

Tdhduus 
Rliagionidae 

Athcrix 
pdclnjpus 
Dolichopodidae 
Empididae 

Heinerodromid 
Muscidae 

IJmnoplumi 
Ptychopteridae 

Fti/rhoptera 
Tanyderidae 
Ephydridae 


1 

3,4 

6,inv,ani 

1,2 

3 

5,det 

1,2 

1 

6,inv 

2,4 
3,4 


1,4 


6,7,inv 
1.2 


l,4,det,alg 


24 


108 


104 
108 


108 


5.6 


108 

1.9 
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Fig.   10.  Yearly  average  number  of  macroinvertebrate.s  per  square  meter  per  sampling  date  at  four  stations  on 
Huntington  River  for  the  period  1972-82. 


Huntington  River  is  attested  to  by  the  high 
percent  frequency  in  quantitative  samples  of 
taxa  with  low  TQ  values. 

At  Station  4-UPH,  from  1976  to  1977,  a 
trend  developed  of  increasing  numbers  but 
decreasing  weight  (Figs  .10  and  11).  This  re- 
flects a  reduction  in  averge  size  per  individ- 
ual (Fig.  12)  —  numbers  of  larger-sized  indi- 
viduals decreased  in  relation  to  numbers  of 
smaller  individuals.  Stress  often  has  this  effect 
on  aquatic  macroinvertebrate  communities. 
Construction  upstream  during  the  1973-77 
period  added  sediment  and  organic  enrich- 
ment to  the  upper  section  of  Huntington  Riv- 
er. The  drainage  was  also  receiving  heavy 
recreational  and  grazing  use,  adding  addi- 
tional organic  enrichment  and  sedimentation. 
The  moderate  water  year  of  1976  and  the 
1977  drought  amplified  the  impacts  of  these 
enviromnental  stresses.  Conditions  began  to 
improve  in  1978,  as  shown  by  an  increase  in 
dry  weight  associated  with  a  decrease  in 
numbers.  Numbers  in  1981,  a  low  water  year, 
had  increased  to  1977  levels,  but  dry  weight 
was  more  than  double  that  of  1977.  High  bio- 


mass  continued  through   1982,  showing  a 
marked  improvement  in  the  community. 

Numbers  and  weights  at  Station  D-4  were 
nearly  the  same  as  those  at  Station  4-UPH 
during  1972,  even  though  highway  bridge 
construction  was  in  progress  0.8  km  up- 
stream. In  June  1973  a  spring  flood  washed 
out  footings  of  the  bridge,  adding  sands  and 
silts  that  scoured  the  substrates  at  Station  D-4 
and  eliminated  most  macroinvertebrates.  In 
January  1974  reservoir  release  gates  were  al- 
most closed,  with  flows  less  than  1  cfs  (0.03 
cms)  for  several  days,  eliminating  most  in- 
vertebrate taxa  from  this  station.  During  the 
summer  of  1974  numbers  increased  dramati- 
cally (Fig.  10),  but  with  only  a  slight  increase 
in  weight  (Fig.  11).  In  1975,  1976,  and  1977 
the  difference  between  numbers  and  weights 
continued  to  increase  yearly,  as  shown  by  de- 
creasing mean  weight  per  individual  (Fig. 
12).  Benthic  communities  below  reservoirs 
have  been  noted  to  dramatically  increase  in 
numbers,  with  an  increase  in  relative  number 
of  small  larvae,  following  completion  of  dam 
construction    (Williams    and   Winget    1979). 
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Fig.  11.  Yearly  average  drv  weight  of  iiiacroinvertebrates  per  square  meter  per  sampling  date  for  four  stations  on 
Huntington  River  for  the  period  1972-82. 


From  1977  to  1981,  annual  mean  weight  con- 
tinued to  decrease  each  year  while  numbers 
remained  high.  During  1982  there  was  an  in- 
crea.se  in  both  numbers  and  weight,  but  mean 
weight  per  organism  remained  low. 

At  Station  7-HSS  the  macroinvertebrate 
community  showed  an  increase  in  numbers 
from  1973  to  1977  (Fig.  10),  but  not  as  dra- 
matic as  at  Station  D-4.  From  1977  to  1982 
numbers  seemed  to  oscillate  around  a  rather 
stable  mean.  Biomass  was  higher  from  1974 
to  1982  than  in  1972  or  1973  (Fig.  11).  At 
Station  D-4  large  larvae  were  largely  elimi- 
nated and  replaced  by  species  with  smaller 
larvae,  but  at  Station  7-HSS  it  appears  that 
reduction  in  large  larvae  was  insignificant 
(Fig.  12).  This  represents  a  reduced  impact 
on  the  aquatic  community  at  Station  7-HSS 
compared  to  Station  D-4. 

The  macroinvertebrate  community  at  Sta- 
tion 12-HBM  showed  a  slight  increa.se  in  an- 
nual mean  numbers  from  1972  to  1975,  a  de- 
creasing density  trend  from  1975  to  1978, 
and  then  an  oscillation  around  a  stable  mean 
slightly  higher  than  preimpoundment  num- 
bers (Fig.  10).  Biomass  increased  from  1972 
to  1975  and  then  seemed  to  stabilize  at  an  in- 
crea.sed  level  from  1975  through  1982  (Fig. 
11).  Mean  size  of  community  members,  as  av- 
erage weight  per  organism,   remained  high 


through  1972  to  1982,  with  a  high  in  1979 
and  a  low  in  1981  (Fig.  12). 

Stations  4-UPH,  7-HSS,  and  12-HBM  had 
approximately  the  same  number  of  taxa  per 
sample  date  (Table  2).  Numbers  of  taxa  were 
lower  at  Station  D-4  but  increased  each  year 
from  1978  to  1981,  with  a  drop  again  in 
1982. 

Community  Tolerance  Quotients  (CTQa) 
were  similar  at  Stations  4-UPH,  7-HSS,  and 
12-HBM,  indicating  similar  relative  environ- 
mental tolerances  of  community  members 
(Table  2).  CTQa  values  were  slightly  lower  at 
Stations  7-HSS  and  12-HBM  than  at  4-UPH, 
a  natural  occurrence  in  a  high  quality  stream 
—  community  diversity  and  quality  increas- 
ing downstream  until  water  quality  or  habitat 
deterioration  begins,  usually  near  the  mouth 
of  the  canyon.  Then  the  opposite  occurs.  Sta- 
tion D-4  had  CTQa  values  considerably  high- 
er than  the  other  stations,  but  note  the  yearly 
decrease  from  1978  to  1981,  a  definite  im- 
provement trend  below  the  dam.  Biotic  Con- 
dition Index  (BCI)  values  showed  a  yearly  im- 
provement at  Station  D-4  and  also  illustrated 
the  stresses  of  organic  enrichment  and  sedi- 
mentation above  Electric  Lake  at  Station  4- 
UPH,  showing  the  poorest  condition  during 
the  low  water  year  of  1981. 
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Fig.  12.  Yearly  average  weight  per  iiiacroinvertebrate  (average  yearly  total  dry  weight  divided  by  average  yearly 
total  number)  at  four  station.s  on  Hinitington  River  for  the  period  1972-82. 


Station  4-UPH  had  only  slight  dominance 
by  tolerant  taxa  during  all  five  years,  as 
shown  by  the  small  difference  between 
CTQa  and  CTQd  (Table  2).  Station  7-HSS 
had  moderate  community  dominance  by  tol- 
erant taxa  during  1978,  1979,  and,  1980  but  a 
noticeable  improvement  occurred  by  1981 
and  continued  through  1982.  Station  12- 
HBM  macroinvertebrate  community  had  a 
higher  proportion  of  environmentally  fragile 
taxa  than  Station  4-UPH  (lower  CTQa),  but 
they  were  dominated  number-wise  by  more 
environmentally  tolerant  species 

(CTQa-CTQd  was  greater).  The  community 
at  Station  12-HBM  represents  a  transition  be- 
tween the  high  canyon  community  and  the 
lower  canyon  or  valley  communities.  At  Sta- 
tion D-4,  CTQa-CTQd  had  a  large  differ- 
ence (-5.5  average  for  all  five  years),  in- 
dicating an  unstable  community  structure 
under  strong  influence  toward  a  more  envi- 
ronmentally tolerant  species  composition. 

The  average  H  (Shannon-Weaver)  domin- 
ance diversity  index  value  of  1.90  at  Station 
D-4  indicated  a  community  dominated  num- 


ber-wise by  a  few  species  (Table  2),  and  the 
CTQd  values  show  these  dominant  species 
were  environmentally  tolerant.  Dominance 
diversity  (H)  and  CTQd  values  indicated  that 
Stations  7-HSS  and  12-HBM  were  inter- 
mediate in  commimity  condition  to  Stations 
4-UPH  and  D-4,  illustrating  moderate  impact 
from  Electric  Lake  compared  with  Station 
D-4.  All  three  stations  below  Electric  Lake 
showed  a  general  recovery  trend  from  1978 
through  1981. 

Cinygmula,  usually  found  on  the  surface  of 
stable  subtrates  such  as  rubble  or  larger  sized 
rocks,  require  at  least  some  substrates  clean 
of  fine  sediments  or  excessive  algal  growth. 
Species  of  Cinygmula  are  among  the  more 
sediment-tolerant  of  the  family  Heptage- 
niidae.  Cinygmula  nymphs  in  Huntington 
River  hatch  from  eggs  in  late  fall  to  early 
winter,  develop  during  the  winter  and  spring, 
and  emerge  as  adults  in  late  spring  through 
early  summer  following  peak  spring  runoff. 
Eggs  hatch  approximately  one  month  after 
being  laid.  Cinygmula  were  either  in  the 
adult  or  egg  stages  during  August  flushes. 
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At  Station  4-UPH,  numbers  of  Cinygmula 
dipped  slightly  from  1975  though  1977  as  silt 
and  organic  enrichment  entered  the  stream 
from  constRiction  and  recreation  upstream 
(Table  3).  From  1978  to  1982,  numbers  of  Ci- 
nygmtda  increased  as  land-use  impacts  de- 
creased and  increased  runoff  cleaned  sub- 
strates of  fine  sediments.  Below  Electric  Lake 
at  Station  D-4,  numbers  dropped  during  con- 
stRiction of  Electric  Lake  Dam  and  remained 
low  through  1978.  Flushing  of  accumulated 
fine  sediments  from  the  substrates  from  1975 
to  1979  resulted  in  increasing  numbers  from 
1978  through  1981.  Numbers  also  increased 
at  Stations  7-HSS  and  12-HBM,  probably  due 
to  moderated  flows,  decreased  turbidity,  and 
increased  diatom  growths. 

The  mayfly  Rhithrogena  wbusta  looks 
much  like  the  mayfly  Cinygmula,  but  gills  of 
Cinygmula  project  dorso-laterally  from  the 
abdomen  and  gills  of  R.  robusta  extend  from 
the  ventral  surface  of  the  abdomen  and  over- 
lap in  such  a  as  way  to  appear  and  function 
almost  like  a  suction  cup  pressed  against  the 
rock.  This  aids  Rhithrogena  in  maintaining 
position  on  rock  surfaces  in  swift  currents 
found  in  areas  of  clean,  smooth,  and  angular 


substrates  (Gore  1978),  common  to  Hunting- 
ton River.  Gore  (1977)  reported  that  high 
water  releases  from  a  reservoir  (over  120  cfs 
in  his  study)  caused  Rhithrogena  to  drift 
downstream.  Rhithrogena  robusta  were  pres- 
ent either  as  emerging  adults  or  early  instar 
larvae  during  August  flushes,  making  it  vul- 
nerable to  sediment  movements  and  in- 
creased velocities  associated  with  these 
flushes. 

At  Stations  7-HSS  and  12-HBM,  R.  robusta 
increased  in  numbers  from  1972  through 
1982  (Table  3).  At  Station  D-4,  R.  robusta 
were  present  before  impoundment  (1972), 
but  were  not  found  from  1973  through  1980. 
A  few  were  collected  in  1981  but  were  ab- 
sent again  in  1982.  According  to  Humpesch 
and  Elliot  (1980),  many  species  of  Rhithro- 
gena have  temperature  requirements  for  egg 
hatch.  It  is  possible  that  at  Station  D-4  water 
temperatures  may  not  have  provided  the 
proper  stimulus.  But,  since  Station  D-4  is  al- 
most 2  km  below  the  dam  and  water  temper- 
atures had  responsed  noticeabley  to  physical 
environment  at  this  point  (Fig.  5),  it  is  prob- 
able that  increases  in  siltation  and  algal 
growth  plus  regulated  flows  were  responsible 
for  eliminating  R.  robusta. 


Table  2.  Siimmarv  of  aquatic  macroinvertebrate  comniunitv  conditions  at  stations  4-UPH,  D-4,  7-HSS,  and  12- 
HBM  from  1978  through  1982. 


4-UPH 

D-4 

7-HSS 

12-HBM 

4-UPH 

D-4 

7-HSS 

12-HBM 

Number  of  taxa 

H  (Shannon-Weaver) 

1978 

29.8 

19.4 

27.0 

26.0 

2.63 

1.93 

2.52 

2.81 

1979 

33.3 

22.6 

.30.4 

29.8 

2.94 

1.78 

2.53 

3.12 

1980 

24.0 

22.6 

28.0 

29.2 

2.85 

2.08 

3.02 

3.13 

1981 

.30.0 

28.5 

32.7 

.32.2 

3.27 

2.20 

3.45 

3.23 

1982 

.35.0 

23.2 

31.8 

31.8 

3.70 

I.. 50 

3.27 

2.96 

MEAN 

30.4 

23.3 
CTQa 

30.0 

29.8 

3.08 

1.90 
CTQd 

2.96 

3.05 

1978 

62.0 

80.8 

60.3 

58.8 

63.0 

87.8 

63.9 

65.3 

1979 

56.7 

67.4 

56.6 

58.0 

59.3 

74.2 

61.4 

62.2 

1980 

61.7 

66.0 

59.0 

56.3 

63.7 

72.6 

62.3 

60.5 

1981 

65.5 

64.5 

57.0 

60.7 

64.5 

68.2 

56.8 

64.5 

1982 

60.0 

67.6 

59.4 

59.8 

62.0 

71.4 

59.0 

64.4 

MEAN 

61.2 

69.3 
BCI 

58.5 

58.7 

62.5 

74.8 
CTQa  minus 

60.7 
CTQd 

63.4 

1978 

88.6 

68.0 

92.0 

95.3 

-1.0 

-7.0 

-3.6 

-6.5 

1979 

97.0 

81.0 

98.4 

95.7 

-2.6 

-6.8 

-4.8 

-4.2 

1980 

89.3 

83.6 

94.0 

98.5 

-2.0 

-6.6 

-3.3 

-4.2 

1981 

84.0 

85.3 

96.5 

90.7 

1.0 

-3.7 

0.2 

-3.8 

1982 

91.7 

81.4 

92.6 

92.0 

-2.0 

-3.8 

0.4 

-4.6 

MEAN 

90.1 

79.9 

94.7 

94.4 

-1.3 

-5.5 

-2.2 

-4.7 
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Table  3.  Mean  number  per  square  meter  and  standard  error  of  mean  (in  parentheses)  for  several  taxa  at  four  sta- 
tions on  Huntington  River,  Utah. 


Year 

4-UPH 

D-4 

7-HSS 

12-HBM 

4-UPH 

D-4 

7-HSS 

12-HBM 

Cinygmttla 

Rhithrog 

[ena  robusta 

1972 

1493 

222 

111 

150 

0 

42 

39 

159 

(1355) 

(62) 

(13) 

(96) 

(20) 

(12) 

(51) 

1973 

2930 

62 

53 

133 

0 

0 

8 

96 

(2061) 

(39) 

(18) 

(49) 

(4) 

(32) 

1974 

3438 

29 

102 

434 

0 

0 

45 

206 

(2039) 

(11) 

(45) 

(178) 

(13) 

(56) 

1975 

542 

42 

302 

1292 

0 

0 

40 

168 

(139) 

(10) 

(69) 

(149) 

(13) 

(51) 

1976 

1108 

21 

78 

348 

0 

0 

220 

168 

(407) 

(21) 

(37) 

(332) 

(136) 

(101) 

1977 

1238 

40 

370 

1324 

0 

0 

319 

453 

(1237) 

(31) 

(218) 

(698) 

(131) 

(168) 

1978 

3728 

42 

202 

383 

0 

0 

32 

233 

(1601) 

(17) 

(56) 

(209) 

(8) 

(92) 

1979 

1697 

131 

666 

384 

0 

0 

100 

304 

(576) 

(37) 

(280) 

(216) 

(70) 

(282) 

1980 

1965 

492 

944 

1266 

0 

0 

53 

208 

(641) 

(415) 

(440) 

(903) 

(23) 

(78) 

1981 

4939 

963 

2322 

1712 

0 

11 

212 

149 

(75) 

(355) 

(578) 

(840) 

(7) 

(156) 

(63) 

1982 

2066 

234 

1181 

161 

0 

0 

196 

137 

- 

(96) 

(226) 

(56) 

(89) 

(86) 

Ephemerella  grandis 

Ephemert 

'lla  doddsi 

1972 

32 

474 

458 

36 

209 

107 

1 

0 

(12) 

(145) 

(107) 

(7) 

(126) 

(56) 

(1) 

1973 

333 

347 

350 

115 

683 

133 

2 

0 

(208) 

(68) 

(149) 

(37) 

(285) 

(46) 

(1) 

1974 

19 

1482 

282 

27 

232 

4 

3 

0 

(13) 

(322) 

(35) 

(5) 

(53) 

(2) 

(2) 

1975 

4 

591 

317 

17 

359 

0 

0 

0 

(4) 

(257) 

(49) 

(3) 

(359) 

1976 

36 

270 

593 

46 

174 

0 

1 

0 

(6) 

(158) 

(175) 

(34) 

(83) 

(1) 

1977 

40 

1082 

732 

22 

15 

0 

0 

0 

(25) 

(744) 

(62) 

(12) 

(14) 

1978 

53 

142 

236 

38 

108 

0 

0 

0 

(22) 

(63) 

(46) 

(18) 

(42) 

1979 

11 

74 

279 

86 

60 

0 

0 

0 

(11) 

(45) 

(127) 

(33) 

(45) 

1980 

0 

/ 

266 

57 

131 

3 

4 

0 

(7) 

(85) 

(26) 

(72) 

(3) 

(4) 

1981 

0 

388 

834 

69 

302 

0 

9 

0 

(244) 

(518) 

(30) 

(236) 

(9) 

1982 

43 

152 

582 

71 

560 

9 

6 

0 

" 

(60) 
Pteronai 

(234) 

(28) 

- 

(6) 

(4) 

cella  badia 

Brachycentrus 

1972 

0 

15 

181 

227 

0 

98 

445 

39 

(6) 

(20) 

(39) 

(46) 

(197) 

(23) 

1973 

0 

14 

117 

222 

0 

38 

328 

37 

(7) 

(40) 

(37) 

(10) 

(99) 

(9) 

1974 

0 

37 

465 

519 

0 

7 

1023 

44 

(11) 

(72) 

(107) 

(2) 

(219) 

(8) 

1975 

0 

20 

464 

473 

0 

5 

566 

127 

(9) 

(33) 

(56) 

(2) 

(133) 

(30) 

1976 

0 

2 

158 

526 

0 

0 

180 

14 

(2) 

(64) 

(141) 

(55) 

(7) 
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Table  3  continued. 


Year 

4-UPH 

D-4 

7-HSS 

12-HBM 

4-UPH 

D-4 

7-HSS 

12-HBM 

Ptewnarcella  badia 

Brachijcentrus 

1977 

0 

22 

112 

193 

0 

164 

639 

48 

(15) 

(46) 

(46) 

(164) 

(238) 

(30) 

1978 

0 

0 

80 

230 

0 

186 

701 

80 

(26) 

(113) 

(81) 

(193) 

(17) 

1979 

0 

0 

58 

1304 

0 

54 

1475 

138 

(26) 

(48) 

(46) 

(528) 

(85) 

1980 

0 

1 

25 

259 

0 

90 

491 

138 

(1) 

(21) 

(118) 

(58) 

(104) 

(52) 

1981 

0 

0 

257 

237 

0 

135 

841 

82 

(90) 

(67) 

(57) 

(244) 

(29) 

1982 

0 

1 

41 

129 

0 

48 

274 

29 

(1) 

(18) 

(53) 

(28) 

(81) 

(10) 

Arctopsiji 

7ie  grandis 

Chironomidcie 

1972 

0 

45 

127 

109 

4382 

3173 

1434 

1653 

(19) 

(23) 

(36) 

(1296) 

(458) 

(260) 

(491) 

1973 

0 

103 

145 

169 

4712 

2307 

2059 

1764 

(55) 

(65) 

(66) 

(1503) 

(739) 

(291) 

(341) 

1974 

0 

27 

122 

37 

1759 

15745 

7355 

2092 

(9) 

(39) 

(8) 

(712) 

(2798) 

(1049) 

(350) 

1975 

0 

22 

119 

33 

5181 

21420 

12390 

2501 

(11) 

(8) 

(10) 

(2055) 

(4402) 

(3494) 

(322) 

1976 

0 

4 

167 

234 

10310 

58107 

5740 

4162 

(4) 

(96) 

(140) 

(1114) 

(27716) 

(2535) 

(2424) 

1977 

0 

92 

125 

76 

21594 

26782 

14031 

1154 

(92) 

(57) 

(23) 

(4521) 

(2464) 

(6004) 

(278) 

1978 

0 

40 

44 

35 

11914 

26007 

8844 

2067 

(34) 

(13) 

(8) 

(1321) 

(5676) 

(1872) 

(454) 

1979 

0 

23 

29 

80 

5472 

37200 

8229 

2057 

(16) 

(9) 

(50) 

(2375) 

(16389) 

(2529) 

(719) 

1980 

0 

24 

168 

73 

5832 

11760 

5475 

1959 

(20) 

(74) 

(35) 

(1857) 

(4810) 

(1655) 

(542) 

1981 

0 

24 

255 

124 

8092 

18608 

4369 

1936 

(11) 

(88) 

(75) 

(2087) 

(3432) 

(808) 

(366) 

1982 

0 

14 

144 

107 

3658 

44475 

2849 

1467 

(9) 

(59) 

(41) 

(8961) 

(428) 

(402) 

Simiiliidae 

- 

1972 

492 

133 

166 

73 

(278) 

(84) 

(145) 

(49) 

1973 

97 

(45) 

(3) 

51 

(20) 

99 

(59) 

1974 

372 

(318) 

4 

(2) 

283 

(94) 

218 

(99) 

1975 

234 

(153) 

17 

(11) 

510 

(150) 

303 

(250) 

1976 

3646 

(2395) 

38 
(10) 

232 

(134) 

452 

(405) 

1977 

1332 
(1192) 

&46 

(590) 

125 

(67) 

37 
(23) 

1978 

2250 
(1077) 

1701 

(763) 

277 

(147) 

267 

(155) 

1979 

1253 

(970) 

729 

(156) 

1406 

(821) 

102 

(89) 

1980 

11394 
(11331) 

5808 
(2201) 

1837 
(1124) 

1317 

(298) 

1981 

1173 

(484) 

796 

(401) 

568 

(149) 

690 

(332) 

1982 

495 

1207 

(631) 

770 

(643) 

185 

(177) 
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Ephemerella  doddsi,  intolerant  of  sedimen- 
tation, are  found  in  fast-flowing  streams  with 
high-quality  water  and  clean  substrates. 
Adults  emerge  May-July  and  early  instar  lar- 
vae appear  July-September.  Before  construc- 
tion of  Electric  Lake,  this  species  was  com- 
monly found  at  Stations  4-UPH  and  D-4,  but 
only  rarely  at  Station  7-HSS  and  never  at 
Station  12-HBM  (Table  3).  At  Station  4-UPH, 
the  E.  doddsi  population  has  shown  no  defi- 
nite trend  over  the  11-year  study  period. 
Numbers  dropped  in  1977  due  to  low  flows 
plus  silts  from  upstream  land  use,  but  num- 
bers in  1981  and  1982  were  similar  to  those 
of  1972-1975.  Sedimentation  and  low  flows 
nearly  eliminated  E.  doddsi  from  Station  D-4 
in  1974.  Niuiibers  were  even  lower  in  1975 
and  no  E.  doddsi  were  collected  at  Station  D- 
4  from  1976  to  1979.  A  few  individuals  were 
found  in  1980  and  1982,  but  not  in  1981.  This 
may  represent  a  gradual  upstream  migration, 
or  some  adults  may  be  flying  down  canyon 
past  Electric  Lake  and  depositing  their  eggs 
at  this  station. 

Eplieynerella  grandis  larvae  are  craw- 
lers/sprawlers  inhabiting  detritous  and 
sand/gravel  interstitial  materials  between 
larger  rock  substrates.  Excessive  amounts  of 
sedimentation  or  algal  growth  can  reduce 
population  levels  by  clogging  these  inter- 
stices. Early  instar  larvae  appear 
July-September  and  adults  emerge 
June-August. 

Ephemerella  grandis  was  commonly  found 
throughout  the  study  area  prior  to  1974 
(Table  3).  At  Stations  7-HSS  and  12-HBM, 
numbers  of  E.  grandis  remained  relatively 
stable  during  the  study  period.  Numbers  de- 
clined at  Stations  4-UPH  and  D-4,  both 
above  and  below  the  reservoir.  Since  Station 
4-UPH  is  located  near  the  top  of  the  E.  gran- 
dis elevational  range,  the  population  at  Sta- 
tion 4-UPH  was  probably  able  to  remain 
stable  as  long  as  adults  could  immigrate  from 
downstream  to  lay  their  eggs.  After  Electric 
Lake  filled,  upstream  movement  of  adults 
was  largely  blocked  (Electric  Lake  is  over  8 
km  long),  and  maintenance  of  population 
numbers  is  now  mainly  dependent  upon  suc- 
cess of  local  emergence,  mating,  and  egg  lay- 
ing. Elimination  of  drift  from  upstream  sites 
and  reduction  of  habitat  quality  hampered 
recovery  of  E.  grandis  and  kept  numbers  low 


at  Station  D-4  through  1980.  Increased  num- 
bers in  1981  and  1982  could  be  in  response  to 
nearly  normal  spring  flows  in  1980  and  1982. 

Pteronarcella  hadia  are  omnivorous,  moss 
and  detritous  composing  a  major  part  of  their 
diet,  although  macroinvertebrates  are  also  ea- 
ten (Fuller  and  Stewart  1977).  This  species  is 
a  dinger  or  sprawler,  common  in  streams  be- 
low 2600  m  elevation,  and  larvae  are  moder- 
ately tolerant  to  siltation  and  organic  enrich- 
ment. Adults  emerge  and  early  instar  larvae 
appear  in  spring  and  early  summer  with  rap- 
id larval  growth  immediately  following 
hatching  through  fall.  They  overwinter  as 
medium  to  large  larvae. 

Prior  to  impoundment,  P.  hadia  was  found 
at  every  station  below  the  dam  site,  but  not 
at  Station  4-UPH  (Table  3).  Numbers  were 
higher  and  fluctuated  less  at  Station  12-HBM 
than  at  the  other  stations.  At  Stations  D-4 
and  7-HSS,  numbers  have  decreased  since 
construction  of  Electric  Lake  Dam,  probably 
the  result  of  increased  fine  sediments  and  al- 
gal growth  and  decreased  detrital  matter  in 
the  stream.  Night  time  oxygen  demands  of 
macrophytes,  coupled  with  possible  low  DO 
water  released  from  the  dam,  may  have  also 
stressed  P.  hadia.  Although  P.  hadia  are  rela- 
tively tolerant  to  warm  water  temperatures 
and  low  DO  when  compared  with  other  sto- 
neflies,  low  DO  levels,  even  if  not  lethal, 
could  cause  drift  out  of  the  area  (Spence  and 
Hynes  1971). 

Two  species  of  Brachycentrtis  are  found  in 
Huntington  River:  B.  americanus  and  B.  occi- 
dentalis.  The  two  species  are  similar  in  ap- 
pearance during  larval  stages,  but  can  be  dif- 
ferentiated by  stages  of  development  on  date 
of  collection. 

Numbers  of  Brachycentrus  fluctuated  at 
each  station  in  response  to  a  variety  of  im- 
pacts. In  1976  numbers  dropped,  with  the 
greatest  reduction  near  the  dam  at  Station  D- 
4  (Table  3).  Numbers  remained  low  at  Station 
D-4  through  most  of  1977,  but  increased  by 
October  and  remained  high  through  1978 
and  into  1979.  In  July  and  August  1979, 
when  B.  occidentalis  early  instar  larvae 
should  have  appeared  in  large  numbers,  no 
Brachycentrus  were  collected.  In  October, 
when  B.  americanus  should  have  appeared, 
only  11  larvae  were  collected  at  Station  D-4. 
Low  numbers  continued  through  1980  until  a 
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new  B.  americanus  hatch  showed  up  in  the 
November  samples.  Increased  numbers  were 
collected  through  June  1981,  but  no  new  lar- 
vae were  collected  in  September,  and  num- 
bers remained  low  throughout  1982.  Total 
numbers  of  Brachycentrus  at  Station  7-HSS 
had  noticable  fluctuations,  but  remained  high 
in  comparison  with  Stations  D-4  or  12-HBM. 

As  reported  by  Winget  (1984b),  both  B. 
americanus  and  B.  occidentalis  have  adapta- 
tions to  help  survive  natural  environmental 
extremes.  Brachycentrus  americanus  adults 
emerge  following  spring  high  ninoff.  New  in- 
star  larvae  appear  during  late  summer  to 
early  fall,  and  by  spring,  larvae  are  large 
enough  to  cope  with  high  water  velocities 
and  associated  sediment  movements  of  run- 
off. Brachycentrus  occidentalis  emerge  as 
adults  in  early  spring  so  they  are  out  of  the 
stream  during  mnoff,  and  larvae  hatch  from 
eggs  beginning  in  July,  just  after  runoff  and 
at  the  start  of  a  normally  stable  growing 
season. 

Short-term  flushing  flows  were  released 
from  Electric  Lake  between  late  July  and  the 
end  of  August,  when  early  instar  B.  occiden- 
tahs  larvae  were  present  (Fig.  9).  Small  in- 
organic suspended  sediments  could  have  in- 
terfered with  feeding  and  respiration,  and 
small  larvae  were  probably  scoured  off  sub- 
strates by  the  moving  sediments.  It  appears 
that,  because  of  the  July  to  August  flushes, 
the  summer  hatching  of  B.  occidentaUs  has 
proved  a  disadvantage  in  Huntington  River 
below  Electric  Lake. 

Widespread  and  common  in  cold,  running, 
high-quality  waters,  Arctopsyche  grandis  live 
on  tops  and  sides  of  rocks  exposed  to  stream 
current  (Wallace  1975).  Using  pieces  of  debr- 
is plus  silk  produced  in  glands  near  their 
mouths,  larvae  construct  small  shelters  or 
"retreats."  Nets  adjoining  their  retreats  have 
mesh  sizes  coinciding  with  water  currents 
and  age  of  the  larvae  (Merritt  and  Wallace 
1981).  Small  animals  and  debris  floating  in 
the  water  are  caught  in  these  nets.  Larvae 
will  at  times,  especially  in  June,  July,  and  Au- 
gust, become  "agressive  predators,"  leaving 
retreats  to  attack  other  macroinvertebrates 
(Mecom  1972). 

A  flood  in  June  1973  at  Station  D-4  caused 
severe  scouring  of  the  stream  and  eliminated 
larval  A.  grandis.   During  August  and  Sep- 


tember of  the  same  year,  early  instar  A.  gran- 
dis appeared  in  the  samples.  Arctopsyche  are 
generally  intolerant  of  sedimentation,  but  in 
this  study  numbers  do  not  appear  to  correlate 
with  measured  levels  of  fine  sediments.  The 
probable  explanation  is  that  Arctopsyche 
build  their  nets  in  areas  of  swift  currents 
where  surfaces  of  substrates  are  kept  relative- 
ly clean;  and  as  Benke  and  Wallace  (1980)  re- 
ported, the  numbers  of  Arctopsyche  vary  ac- 
cording to  available  food  quantities  in  stream 
drift.  Since  completion  of  Electric  Lake, 
numbers  of  chironomid  midge  larvae  and 
Baetis  mayflies,  both  active  drifters  and  com- 
mon prey  of  A.  grandis,  have  increased  dra- 
matically. More  food  in  the  stream  could 
help  offset  the  negative  effects  of  increased 
fine  sediments,  helping  to  maintain  high 
numbers  of  A.  grandis  below  Electric  Lake. 
Benke  and  Wallace  (1980)  also  reported  that 
Arctopsyche  are  common  in  high  numbers  be- 
low impoundments. 

Chironomidae  as  a  family  contain  some  of 
the  most  tolerant  of  aquatic  insect  species. 
Commonly  called  "midge  flies,"  chironomids 
are  found  almost  anywhere  there  is  fresh  wa- 
ter. Chironomids  are  tolerant  to  sedimenta- 
tion, and  increases  in  amounts  of  fine  sedi- 
ments often  result  in  increased  numbers  of 
chironomids,  especially  if  the  fines  are  organ- 
ically rich.  In  Huntington  River,  emergence 
of  adults  and  subsequent  laying  of  eggs  ap- 
peared to  occur  almost  year  round,  with  ma- 
jor peaks  in  March  to  April  and  September  to 
October. 

Chironomid  population  densities  at  Station 
4-UPH  remained  stable  from  1972  to  1975, 
but,  due  to  heavy  watershed  use  and  up- 
stream construction  (1975  to  1978),  silt  and 
nutrient  levels  increased  with  an  associated 
increase  in  number  of  chironomids  (Table  3). 
From  1978  to  1982  levels  of  fine  sediments 
decreased  (Fig.  6),  as  did  chironomid  den- 
sities. At  Station  D-4,  below  the  dam,  num- 
bers increased  beginning  in  1974  and  re- 
mained high  throughout  the  remainder  of  the 
study.  At  Station  7HSS  chironomid  densities 
slowly  increased  through  1974  and  remained 
high  throughout  1981.  Numbers  dropped  in 
1982,  possibly  in  response  to  increased  spring 
flows  removing  accumulated  fine  sediments. 
Numbers  of  chironomids  at  Station  12-HBM 
appeared  stable  throughout  the  11-year  study 
period. 
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Simiiliidae  commonly  appeared  at  every 
station.  Simuliid  larvae  cling  to  the  silken 
nets  spun  on  substrate  surfaces  by  the  larvae 
and,  using  tiny  featherlike  appendages  near 
their  mouths,  filter  organic  materials,  includ- 
ing plankton,  from  passing  water.  Some  spe- 
cies of  Simuliidae  are  tolerant  of  organic  en- 
richment and  only  slightly  less  tolerant  of 
sedimentation.  Simuliid  larvae  thrive  where 
there  is  a  steady  supply  of  plankton  or  sus- 
pended organic  detritus  in  the  stream.  Early 
instar  simuliid  larvae  appeared  in  Huntington 
River  from  late  spring  throughout  the  sum- 
mer, and  adults  emerged  from  July  through 
October. 

Following  impoundment  of  Huntington 
River,  simuliids  increased  in  numbers  at  each 
of  the  stations  sampled  (Table  3).  As  a  result 
of  heavy  sedimentation  from  construction 
and  scouring  affects  from  a  flood,  numbers  at 
Station  D-4  dropped  in  1973  and  remained 
low  through  1976.  Numbers  increased  in 
1977  and  remained  high  through  1982.  At 
Station  7-HSS,  numbers  dropped  in  1973,  but 
have  been  high  since,  especially  from  1979  to 
1982,  with  nimibers  noticeably  higher  than  in 
preimpoundment  years. 
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FLORA  OF  THE  LOWER  CRETACEOUS  CEDAR  MOUNTAIN  FORMATION  OF  UTAH 
AND  COLORADO,  PART  II.  MESEMBRIOXYLON  STOKESI 

C.  F.  Thayn'  and  W.  D.  Tidwell' 

/\bstrac:t.—  Me.sciiihrioxiilon  stokcsi.  sp.  nov.,  from  the  Lower  Cretaceous  Cedar  Mountain  Formation  of  Utah  is 
described  and  compi'red  with  other  species  o(  Mesenthrioxylon.  Mesemhrioxtjloti  stokesi  is  similar  to  Aptian  members 
of  tliis  genus  in  having  a  comliination  of  wood  parenchyma  and  septate  tracheids.  This  lends  some  support  to  the  Ce- 
dar Mountain  Formation  being  partially  Aptian  in  age. 


The  Lower  Cretaceous  Cedar  Mountain 
Fomiation  is  exposed  throughout  much  of 
eastern  Utah,  western  Colorado,  and  north 
central  New  Mexico  (Young  1960).  This  for- 
mation is  fossiliferous  at  several  localities. 
Fisher  et  al.  (1960)  listed  the  formation  as 
Aptian.  It  is  still  rmcertain,  however,  whether 
it  is  Aptian,  Albian,  or  both.  Fossil  plants  re- 
ported from  the  Cedar  Mountain  Formation 


Fig.  1.  Illustration  of  the  transverse  section  showing 
distribution  of  axial  parenchyma  and  general  shape  and 
arrangement  of  tracheids  of  Mesembrioxijlon  stokesi 
(Holotype). 


include  Tempskija  (Katich  1951,  Stokes  1952, 
Tidwell  and  Hebbert  1972,  Tidwell  et  al. 
1976),  cycadeoids  (Furniss  and  Tidwell  1972), 
and  dicotyledonous  wood  (Thayn  et  al.  1983). 
This  paper  is  the  first  detailed  report  on  co- 
niferous woods  from  this  formation. 

The  specimens  of  fossil  woods  consituting 
this  report  were  collected  from  Molen  Ridge, 
Emery  County,  Utah  (Thayn  et  al.  1983).  The 
Cedar  Mountain  Formation  at  this  locality 
consists  of  a  cap  of  coarse-grained,  white 
sandstone  that  is  underlain  by  channel  fills  of 
alternating  yellow  conglomeritic  sandstone 
and  grey-green  shales.  These  beds  are  under- 
lain by  a  dark  green,  nodular,  weathering 
shale.  The  petrified  logs  at  this  site  are  highly 


Fig.  2.  Radial  section  showing  the  size  and  arrange- 
ment of  radial  tracheary  pitting,  presence  of  axial  paren- 
chyma, septations  in  the  tracheids  and  the  crossfields  of 
Mesenihrioxiilon  stokesi  (Holotype). 


'Bureau  of  Land  Management,  Salt  Lake  City.  Utah  84112. 
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Fig.  3.  Transverse  section  showing  general  shape  and  Fig-  4.  Tangential  section  ilhistrating  the  abundance 

size  of  tracheids,   diffuse  axial   parenchyma,   and   rays       and  size  of  the  rays  and  ray  cells  (]50x)  of  .\/('«'»i/;n'o.ri/- 
(250x)  of  Mesemhhoxylon  stokcsi  (Holotvpe).  Ion  stokesi  (Holotype). 


fragmented  and  lie  on  the  surface  of  the  yel- 
low channel  fills.  Other  coniferous  woods, 
dicotyledonous  woods,  and  Tempskija  have 
also  been  collected  at  this  site. 

Mesembrioxylon  stokesi,  sp.  no  v. 

Description  and  diagnosis.—  Growth 
rings  indistinct  with  only  a  few  layers  of  late 
wood  cells;  ring  width  varies  1.3-9.2  mm; 
transition  from  early  to  late  wood  gradual. 
Tracheids  square,  rectangular  or  oval  in  out- 
line, with  walls  7-10  jum;  tracheid  size  ranges 
from  18  jim  and  isodiametric  to  55  jum  radial 
diameter  by  18  jum  tangential  diameter;  in- 
tercellular space  common  in  late  wood.  Tra- 
cheids septate;  radial  tracheary  pitting  unise- 
riate,  generally  separate  but  occasionally 
vertically  contiguous,  circular  bordered  pits 
10-19  ]U.m  in  diameter.  Pit  apertures  either 
circular  or  elliptic  and  small  (3  jum)  in  rela- 
tion to  the  size  of  the  pit;  crassulae  lacking. 
Tangential  pitting  not  apparent.  Axial  paren- 
chyma abundant,  12-60  cells/ mm-.  Paren- 
chyma resinous,  filled  with  dark  cell  con- 
tents. Axial  parenchyma  cells  40-210  jum 
high  and  up  to  35  jum  in  diameter  with  2-3 
jum  thick  walls.  Rays  abundant,  9-14/tan- 
gential  mm;  1-8  (ave.  4)  rows  of  tracheids  be- 


tween the  rays.  Rays  entirely  parenchy- 
matous; marginal  cells  wavy  in  outline.  Rays 
uniseriate  to  partially  biseriate,  1-50  (gener- 
ally 8-16)  cells  (870  jUm)  high.  Horizontal  and 
tangential  walls  of  ray  cells  smooth  to 
slightly  nodular  and  2-3  jum  thick  (common 
wall).  Ray  cells  square  to  rectangular;  35-125 
jLim  radial  diameter,  8-35  jim  both  tangential 
and  vertical  diameter.  Crossfield  pitting  of 
two  types;  generally  one  podocarpoid  pit  per 
crossfield  or  very  rarely  1-3  small  bordered 
pits  with  slitlike  apertures.  Pits  up  to  18  /xm 
in  diameter,  generally  with  broad  border  and 
with  elliptic  to  square-oblong  apertures, 
rarely  thin  borders  with  diagonally  or  verti- 
cally oriented  elliptic  apertures  that  range 
3-9  jUm  at  the  widest  point.  Small  crossfield 
pits  approximately  4-8  jum  in  diameter  with 
slitlike  apertures. 

Repository:  Brigham  Young  University 
2192  (Holotype). 

Locality:  Molen  Ridge  (Ferron  Site)  9 
miles  east  of  Ferron,  Utah  (U.S.  Geol.  Surv.: 
Desert  Lake  Quadrangle  NE,  SW,  Sec.  23, 
T20S,  R8E). 

Horizon:  Lower  Cretaceous  Cedar  Moun- 
tain Formation. 

Affinities.—  The  most  characteristic  fea- 
ture of  Mesemhrioxijlon   stokesi  is  the  large 
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Fig.  5.  Tangential  section  showing  axial  parenchyma,  Fig.   6.   Radial  section  demonstrating  axial   paren- 

a  partially  biseriate  rav  and  numerous  septations  in  the     chyma;  septate  tracheids,  crossfield  pitting,  and  relative 
tracheids'(250x)of  A/m')n/)no.v(//()n  ,s7oAt.s(  (Holotype).  size    of    ray    cells    (153x)    of   Mescmhrioxiihm    stokcsi 

(Holotype). 


open  pits  seen  in  the  crossfields.  Among  ex- 
tant woods  this  type  of  pitting  occurs  in  sev- 
eral members  of  the  Podocarpaceae  and  in 
the  genera  Juniperus  (Cupressaceae),  Pinus 
(Pinaceae),  and  Sciadopitys  (Taxodiaceae).  In 
1905  Gothan  proposed  the  name  Phyllocla- 
doxijlon  for  petrified  conifer  wood  that  lacks 
resin  canals  and  wood  parenchyma  but  has 
one  simple  ray  pit  (phyllocladoid)  per 
cro.ssfield  and  separate  circular  bordered  pits 
on  the  tracheids.  The  name  Podocarpoxylon 
was  also  established  by  Gothan  (1905)  for  fos- 
sil conifer  wood  with  wood  parenchyma  and 
bordered  crossfield  pits  with  large  elliptic 
apertures  (podocarpoid  pits).  Stopes  (1915) 
combined  Gothan's  genera  into  Podocarpoxy- 
lon pointing  out  that  the  two  could  not  be 
distinguished  on  the  basis  of  the  crossfield 
pitting  since  both  types  of  pits  occur  in  the 
various  species  of  both  Podocarpus  and 
Phyllodadus.  Seward  (1919)  established  the 
genus  Mesembrioxylon  because  he  thought, 
when  there  is  no  evidence  of  affinity  with 
any  particular  living  genus,  a  name  free  from 
implication  should  be  used. 

Krausel  (1949)  maintained  a  distinction  be- 
tween PhyUocladoxylon  and  Podocarpoxylon 
also  on  the  basis  of  the  crossfield  pitting.  He 
defined  Podocarpoxylon  as  having  small 
crossfield  pits  with  vertical  to  steeply  in- 
clined apertures,  whereas  PhyUocladoxylon 
was  to  have  large  crossfield  pits  with  oblique- 
elliptic    apertures.     Nevertheless,    Bhardwaj 


(1953),  Ramanujam  (1953),  Jain  (1964),  and 
Nishida  (1966)  all  retained  Seward's 
Mesembrioxylon. 

About  30  species  have  been  described  as 
Mesembrioxylon,  PhyUocladoxylon,  or  Podo- 
carpoxylon. All  but  four  of  these  species 
differ  from  M.  stokesi  by  having  different 
combinations  of  ray  height,  size  and  number 
of  crossfield  pits,  axial  parenchyma,  con- 
figuration of  tracheary  pitting,  and  lack  of 
septations  in  the  tracheids  (Table  1). 

Mesembrioxylon  wobiirnense  (Stopes)  Se- 
ward (1919)  resembles  M.  stokesi  in  having 
rays  varying  from  1  to  over  40  cells  high  and 
are  occasionally  partially  biseriate.  It  differs 
in  lacking  septations  in  the  tracheids  and  by 
having  1  or  2  pits  in  the  crossfield  that  are  in 
one  horizontal  row.  It  also  has  crassulae  that 
are  lacking  in  M.  stokesi  and  radial  tracheary 
pitting  that  is  occasionally  in  two  opposite 
rows  rather  than  exclusively  uniseriate. 

Of  the  described  species  of  Mesembrioxy- 
lon only  M.  nihei-takagi  Nichida  (1966)  and 
M.  gothani  (Stopes)  Seward  (1919)  have  a 
combination  of  septate  tracheids  and  wood 
parenchyma  similar  to  M.  stokesi.  Mesom- 
brioxylon  nihei-takagi  has  rays  up  to  10  cells 
high  that  are  uniseriate  or  partially  biseriate 
and  parenchyma  in  tangential  bands.  M.  sto- 
kesi has  rays  up  to  50  cells  high  that  are 
uniseriate  or  partially  biseriate  and  diffuse 
wood  parenchyma.  Mesembrioxylon  gothani, 
as  originally  described  by  Stopes  (1915),  has 
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rays  of  1-8  cells  high  that  are  exclusively 
uniseriate  and  scattered  wood  parenchyma. 
Shimakura  (1937)  reported  a  specimen  of  this 
species  that  had  rays  up  to  18  cells  high.  Me- 
seinhrioxylon  stokesi,  however,  has  higher 
rays  that  are  partially  biseriate.  Mesemhrioxy- 
lon  stokesi  has  a  ray  structure  similar  to  M. 
woburnense  and  septate  tracheids  and 
crossfield  pitting  like  M.  gothani.  Thus,  M. 
stokesi  appears  to  be  a  new  species  inter- 
mediate between  the  two. 

Xenoxylon  morrisonense  Medlyn  and  Tid- 
well  (1975)  from  the  Upper  Jurassic  Morrison 
Formation,  which  underlies  the  Cedar  Moun- 
tain Formation,  is  anatomically  very  close  to 
Meseinbrioxylon  stokesi.  They  are  similar  in 
that  both  have  septate  tracheids  and  large 
podocarpoid  crossfield  pits.  These  species 
differ  in  that  M.  stokesi  has  broad  borders  on 
its  podocarpoid  pits  as  compared  with  the 
narrow  borders  in  X.  morrisonense.  M.  stokesi 
has  smooth  horizontal  and  end  walls  in  its  ray 


parenchyma  and  numerous  resin  cells,  and  its 
few  contiguous  bordered  pits  are  not  flat- 
tened as  in  X.  morrisonense,  a  feature  charac- 
teristic of  most  Xenoxylon  species.  Horizontal 
and  end  walls  of  ray  parenchyma  in  X.  mor- 
risonense have  numerous  indentations  and  it 
lacks  resin  in  any  of  its  cells. 

Protocedroxylon  scoticum  (Holden)  Seward 
(1919)  is  also  similar  to  Mesembrioxylon  sto- 
kesi. However,  P.  scoticum  has  araucarian 
pitting  (Holden  1915),  which  is  lacking  in  M. 
stokesi. 

The  specific  epithet  of  Mesembrioxylon 
stokesi  is  given  in  honor  of  Dr.  William  Lee 
Stokes  of  the  University  of  Utah,  who  first 
collected  specimens  of  fossil  wood  from  the 
Molen  Ridge  site. 

Stratigraphic  relationships.—  It  is  not 
presently  known  whether  the  Cedar  Moun- 
tain Formation  is  Aptian  or  Albian  in  age. 
The  presence  of  dicotyledonous  woods  in  the 
formation  (Thayn  et  al,  1983)  possibly  makes 


Table  1.  Comparison  oi  Mi'scml)rioxylou  stokesi  witli  similar  species. 


Size  and 

shape  of 

Tracheicl 

Radial 

Crossfield 

Axial 

Tracheids 

Species 

Ray  height 

septations 

pit  size 

pitting 

parenchyma 

crassulae 

(x-sec) 

M.  stokesi 


1-18  to  over 
50 


thick  walled 


circular 
10-19 /.mi 


one  large 
podocar- 
poid pit 
with  broad 
borders, 
having  1-3 
small  bor- 
der pits 
with  len- 
ticular aper- 
tures 


abundant 
and  diffuse 


lacking 


scjuare  or 
radially 
elongate  18 
X  18  to  18  X 
55  |Um 


A/.  <iothtini 

1-8,  mostlv 

thin  and 

3  cells  high 

horizontal 

(1-18  in 

Shimakura, 

1937) 

M.  nih(i-t(ikci<'i 

1-4,  rarelv  8 

thin  and 

circular  or        one  or  two 
ovoid,  7  i-i.m  ovoid, 

15-17  i-i.m         circular  or 
celliptical  pits 


circular  or 
cells  high  ovoid,  8-10      three,  5-8 

thin  and  /im  /tm 

horizontal 


one  to 
and  diffuse 


sparse  and 
diffuse 


idant 


lackinii 


.kint 


various, 
20-25  fim 


tangentially 
elongate 
15-22 /xni 


.\/.  liohiir- 

4-10,  up  to 

lacking 

circular. 

one  to  two 

10-15 /im 

ncnsc 

35  cells  high 
(over  40  in 
Shimakura, 
1937) 

9- 1 5  /uu 

in  a  hori- 
zontal row 
zontal  row 
10-15  ]um 

zonate 

spar 


and 


present 
rectangular 
to  radially 
elongate, 
30-39  /xm 
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Fig.  7.  Radial  section  showing  two  types  of  crossfield 
pits  and  circular  radial  tracheary  pits  (500x)  of  Mesem- 
/;n'o.Y(//on  stokcsi  (Holotype). 

it  Albian  since  reported  Aptian  dicotyle- 
donous woods  have  been  placed  in  doubt  by 
Wolfe  et  al.  (1975).  Mesernbrioxijlon  ranges 
from  the  Permian  to  the  Pliocene,  but  the 
woods  most  comparable  to  M.  stokesi  were 
first  collected  from  sediments  reported  as 
Aptian.  Mesembrioxylon  gothani  and  M.  wo- 
bumense  have  been  collected  from  the  Ap- 
tian of  England  (Stopes  1915)  and  Japan 
(Nishida  1966).  However,  Shimakura  (1937) 
reported  both  species  from  the  Upper  Cre- 
taceous of  Japan  and  M.  woburnense  was  re- 
ported from  the  Tertiary  of  India  (Ramanu- 
jam  1953).  The  only  other  species  of 
Mesembrioxylon  with  septate  tracheids  and 
partially  biseriate  rays  is  M.  nihei-takagii 
which  was  collected  from  the  Aptian  of  Ja- 
pan (Nishida  1966). 
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NEW  ASTRAGALUS  (LEGUMINOSAE)  FROM  THE 
GOOSE  CREEK  DRAINAGE,  UTAH  -  NEVADA 

N.  Duane  Atwood',  Sherel  Goodrich',  and  Stanley  L.  Welsh' 


.\bstract.—  a  new  species.  Astragalus  anseriniis  Atwood,  Goodrich,  &  Welsh,  is  described  from  specimens  taken 
from  tnffaceoiis  outcrops  in  the  Goose  Creek  drainage  of  Box  Elder  County,  Utah  and  Elko  County  Nevada. 


A  distinctive  small-flowered  species  of  As- 
tragalus (Fig.  1.)  was  taken  from  tuffaceous 
outcrops  in  the  Goose  Creek  drainage  of  Box 
Elder  County,  Utah,  and  adjacent  Elko  Coun- 
ty, Nevada.  Affinities  of  this  handsome  dwarf 
and  matted  species  apparently  lie  with  the 
section  Argophylli.  Within  that  section,  be- 
cause of  the  tiny  flowers,  they  would  appear 
to  be  allied  to  A.  siibvestitus  Barneby,  a  spe- 
cies of  moderate  elevations  in  Tulare  and 
Kern  coimties,  California.  The  plants  are  vil- 
lous-tomentose  and  shortly  caulescent.  The 
valves  of  the  thinly  villous  pods  are  apparent 
through  the  vestiture.  In  shape  they  are 
nearly  identical  with  pods  of  varieties  within 
A.  piirshii,  being  dorsiventrally  compressed 
and  curved  in  such  a  manner  that  the  beak 
lies  almost  parallel  with  the  base  of  the  pod. 
The  pods  are  strictly  imilocular,  with  no  ap- 
parent septum  within  the  locules  of  those 
examined. 

The  tiny  flowers  are  unique  in  the  section, 
being  9-11.2  mm  long,  which  is  smaller  than 
those  reported  for  A.  subvestitiis. 

Astragalus  anserinus  Atwood,  Goodrich, 
&  Welsh,  sp.  nov.  Affinis  dubius  sed  similis 
Astragalo  siibvestito  Barneby  in  floribus  par- 
vis  et  pilis  sparsis  sed  in  floribus  parvioribus 
et  semina  paucioribus  differt. 

Dwarf,  tufted  or  matted,  shortly  caules- 
cent, perennial  herbs  from  a  slender  taproot; 
stems  3-11  cm  long,  decumbent-spreading; 
herbage  villous-tomentose;  stipules  all  free; 
leaves  1-4  cm  long;  leaflets  5-15,  3.2-6.5 
mm  long,  obovate;  peduncles  1.1-2.4  cm 


long;  racemes  with  3-7  flowers,  the  axis  1-5 
mm  long,  little  if  at  all  elongating  in  fruit; 
bracteoles  lacking;  bracts  ca  2  mm  long, 
lance-subulate;  pedicels  0.6-1.2  mm  long;  ca- 
lyx tube  3.6-4.8  mm  long,  the  teeth  1.1-1.8 
mm  long,  subulate;  flowers  9-11.2  mm  long, 
pink-purple;  pods  sessile,  9-12  mm  long,  5-7 
mm  wide,  deciduous  from  within  the  calyx; 
dorsiventrally  compressed,  falcately  curved, 
conspicuously  trigonous-beaked,  thinly  vil 
lous;  ovules  16-20;  seeds  1.2  mm  long. 

Type:  USA.  Utah.  Box  Elder  Co.,  T14N, 
R19W,  S15  (SEl/4),  22  km  NW  of  Lynn, 
Goose  Creek  drainage,  6.5  km  S  of  Utah- 
Idaho  line,  white  tuffaceous  sand,  nearly  bar- 
ren slope  along  a  wash,  23  June  1982,  D.  At- 
wood and  S.  Goodrich  8989  (Holotype  BRY; 
isotypes  NY,  POM,  US,  RM,  UTC). 

Additional  specimens:  Utah.  Box  Elder 
Co.,  22.5  km  NW  of  Lynn,  23  June  1982,  D. 
Atwood  &  S.  Goodrich  8990  (BRY, 
UT,UTC,NY);  ca  25.5  km  NW  of  Lynn, 
Goose  Creek,  ca  0.5  km  due  E  of  Utah-Ne- 
vada line,  23  June  1982,  D.  Atwood  &  S. 
Goodrich  9000  (BRY,NY,US);  Utah-Nevada 
line  at  the  Hardister  VABM,  7  km  S  of  Idaho 
line,  23  June  1982,  D.  Atwood  &  S.  Goodrich 
9004  (BRY);  Nevada.  Elko  Co.,  T47N,  R70E, 
S29  (SWl/4),  6  km  S  of  Idaho  on  the  Utah- 
Nevada  line,  D.  Atwood  &  S.  Goodrich  9002 
(BRY,ID,M0,NY,RENO,RM,US). 
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Fig.  1.  Habit  and  details  oi  Astragalus  anserinus  Atwood,  Goodrich,  and  Welsh  (Drawing  by  Kay  Thorne). 


SOME  EDAPHIC  RELATIONS  OF  SOUTHEASTERN  IDAHO  WILDLANDS' 

Mark  E.  Jensen' 

Abstr-vct.—  Soil  samples  from  the  Al  horizon  and  dominant  subsoil  horizon  at  190  sites  were  analyzed  for  Ca,  Mg, 
K,  P,  and  organic  matter  contents  in  conjunction  with  a  soil  resource  inventory  of  the  Caribou  National  Forest. 
Vegetative  compositioh  and  production  data  were  compared  to  the  edaphic  factors  to  derive  relationships  useful  to 
the  land  manager.  Organic  matter  was  effective  in  distinguishing  between  soil  orders  and  was  positively  correlated 
to  vegetative  production.  Vegetative  cycling  of  the  nutrients  P  and  K  was  most  pronounced  in  soils  of  the  order 
Mollisols,  to  a  lesser  degree  in  the  Alfisols,  and  not  at  all  in  the  Entisols.  The  K/Mg  ratio  of  the  soil  showed  a 
negative  correlation  to  grass  production  and  a  positive  correlation  with  shnib  production.  An  interpretative  table  is 
provided  to  aid  determinations  of  high  versus  low  values  for  the  edaphic  factors  studied. 


Soil  scientists  of  the  Intermountain  Region, 
U.S.  Forest  Service,  are  commonly  required 
to  provide  the  land  manager  information 
concerning  the  soils  management  potential. 
Such  information  is  usually  based  solely  upon 
soil  morphological  features  due  to  the  lack  of 
soil  nutrient  data  available  for  wildlands  of 
this  region. 

The  primary  objective  of  this  study  was  to 
determine  modal  values  for  some  soil  nutri- 
ents within  the  soil  groups  of  the  Caribou 
National  Forest,  southeastern  Idaho.  Such  in- 
fonnation  is  needed  if  future  collection  of  soil 
nutrient  data  on  such  lands  is  to  have  a  basis 
for  comparison.  A  secondary  objective  was  to 
determine  what  relationships  exist  between 
nutrient  levels  in  the  soil  and  vegetative  pro- 
duction and  composition. 

Study  Area 

The  Caribou  National  Forest  is  located  in 
southeastern  Idaho,  covering  an  elevational 
range  of  1490  to  2930  m  (Fig.  1).  It  occurs 
mainly  within  the  Middle  Rocky  Mountain 
physiographic  province,  with  some  inclusion 
of  the  Basin  Range  physiographic  province 
(Fenneman  1931).  The  geology  is  complex, 
ranging  from  Precambrian  metamorphics  in 
the  Bannock  and  Portneuf  ranges  to  Jurassic- 
Triassic  sedimentaries  in  the  Bear  River  and 
Webster  ranges  to  Cretaceous  sedimentaries 
in  the  Caribou  Range. 


Baily  (1980)  has  classified  the  vegetation  of 
the  Caribou  National  Forest  as  belonging  to 
the  Rocky  Mountain  Forest  Province, 
Douglas-Fir  Forest  section  and  the  Inter- 
mountain Sagebrush-Wheatgrass  section. 
The  climate  is  a  semiarid  steppe  regime  with 
a  wide  range  in  mean  annual  precipitation. 
The  lower  elevations  receive  330  mm  of  pre- 
cipitation per  year,  and  the  higher  elevations 
receive  1524  mm  annual  precipitation.  Ap- 
proximately 60%  of  the  precipitation  on  the 
area  is  in  the  form  of  snow.  Elevation  and  as- 
pect exert  a  strong  influence  on  growing  sea- 
son, with  microclimatic  variables  playing  a 
dominant  role  in  determining  the  vegetative 
composition  and  production  on  sites. 


I  DAHO 


WYOMING 


F,g. 
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1.  The  Caribou  National  Forest  in  southeastern 


'Contributed  by  the  Caribou  National  Forest,  Pocatello,  Idaho. 
-Huniboldt  National  Forest,  Elko,  Nevada  89801. 
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Methods 

Between  1975  and  1981  a  soil  resource  in- 
ventory was  conducted  on  approximately 
485,640  ha  of  the  Caribou  National  Forest. 
An  order  3  soil  survey  was  used  in  identifying 
landtypes  as  the  mapping  units  (Wertz  1972). 
This  is  a  broad  level  reconnaissance  survey 
that  utilizes  the  factors  of  soil  formation  (Jen- 
ny 1961)  to  identify  the  soils  of  the  mapping 
unit.  One  hundred  thirty  landtypes  with  an 
average  size  of  259  ha  were  mapped.  The 
modal  soils  of  the  mapping  units  were  identi- 
fied to  family  level  utilizing  the  guidelines  of 
Soil  Taxonomy  (USDA  1975).  Composition  of 
soil  subgroups  analyzed  for  nutrient  content 
are  presented  in  Table  1.  Sampling  was  de- 
signed to  cover  the  full  range  of  dominant 
soils  encountered. 

Samples  of  the  Al  horizon  and  the  domi- 
nant subsoil  horizon  (argillic  or  cambic  hori- 
zon for  the  soil  orders  Mollisols  and  Alfisols 
and  the  C  horizon  for  the  soil  order  Entisols) 
were  collected,  air  dried  in  the  lab,  and 
crushed  before  sieving  through  a  2-mm 
screen.  Soil  organic  matter  was  determined 
by  the  Walkley-Black  method,  and  available 
phosphorus  (P)  was  determined  by  the  Dilute 
Acid-Flouride  method  (Black  1965).  Soil  nu- 
trients [potassium  (K),  magnesium  (Mg)  and 
calcium  (Ca)]  were  determined  in  liquid  solu- 
tions drawn  from  soil-water  slurries  having  a 
ratio  of  1  to  2.  Slurries  were  agitated  for  12 
hours  on  a  mechanical  shaker.  The  resultant 
soil  paste  was  transferred  to  a  Buchner  filter 
for  extraction  of  a  sediment-free  filtrate.  One 
to  two  drops  of  sodium  hexametaphosphate 


Table    1.  Composition   of  the   soil   mosaic   of  the 
Caribou  National  Forest. 


Relative  extent  of 

the  Caribou  N.F. 

Soil  subgroups 

(%  by  area) 

Argic  Pachic  CryoboroUs 

10 

Cryic  Pachic  Paleborolls 

2 

Pachic  CryoboroUs 

5 

Argic  CryoboroUs 

18 

Typic  CryoboroUs 

10 

Typic  Argixerolls 

1 

Typic  Haploxerolls 

2 

Mollic  Cryoboralfs 

7 

Typic  Cryoboralfs 

3 

Typic  Cryorthents 

5 

Typic  Xerorthents 

1 

were  added  to  each  extract  to  prevent  the 
precipitation  of  CaC03.  Levels  of  K,  Mg,  and 
Ca  were  determined  from  the  filtrate  in  parts 
per  million  by  use  of  an  atomic  absorption 
spectrophotometer. 

Vegetative  information  was  collected  by 
the  site  analysis  and  ocular  methods  used  by 
Intermountain  Region  Forest  Service  range 
personnel  (USDA  1969).  Composition  values 
provided  by  these  methods  are  estimates  of 
the  percentage  of  the  total  production  con- 
tributed by  each  species  on  a  site.  All  statis- 
tical tests  followed  Zar  (1974). 

Results  and  Discussion 

Soil  Groupings 

A  total  of  26  soil  families  were  analyzed  in 
this  study  (Table  2).  A  high  proportion  (about 
78%)  of  the  soils  studied  were  from  the  Molli- 
sol  soil  order.  These  soils  tend  to  support 
most  of  the  highly  productive  rangeland  sites 
on  the  study  area.  The  Alfisol  soil  order  is 
commonly  associated  with  timber  sites,  but 
occasionally  support  rangeland.  Entisols  are 
highly  variable,  with  some  commercial-size 
timber  and  some  lower-production-potential 
rangeland.  Entisols  are  often  associated  with 
hill  slopes  of  high  runoff  potentials  and  are 
commonly  managed  for  watershed  values  on 
the  study  area. 

In  making  comparisons  between  soil  fami- 
lies, it  was  necessary  to  group  some  families 
to  higher  levels  of  the  soil  classification  sys- 
tem, due  to  limited  sample  size.  Soil  Tax- 
onomy provides  a  hierarchical  classification 
system  that  allows  for  the  grouping  of  soils 
from  lower  to  higher  categories.  In  making 
such  groupings,  increased  variability  is  in- 
troduced into  the  sample  of  soils;  yet  it  is  still 
possible  to  make  reasonable  predictions 
about  responses  to  management  and  manipu- 
lation within  the  higher  soil  groupings. 


Edaphic  Factors 

Edaphic  factors  offer  criteria  for  making 
distinctions  between  the  soil  groupings 
(Table  3).  In  particular,  the  Mollisols,  Alfi- 
sols, and  Entisols  possess  noticeable  differ- 
ences in  soil  nutrients.  The  Mollisols  exhib- 
ited the  highest  overall  mean  values  for  the 


April  1984 


Jensen:  Idaho  Wildlands 


267 


nutrients  studied,  followed  by  Alfisols.  Enti- 
sols  showed  the  lowest  levels.  This  is  con- 
sistent with  genesis  processes  involved  with 
development  of  these  soils  (USDA  1975). 

A  Newman-Keul  multiple  range  test  for 
unequal  sample  size  was  performed  on  the 
data  to  examine  if  significant  differences  in 
mean  values  existed  (Zar  1974).  The  three  soil 
orders  differed  significantly  in  respect  to  or- 
ganic matter  in  the  Al  horizon  (Table  4).This 
result  is  as  expected,  in  that  soil  organic  mat- 
ter is  controlled  by  long-term  vegetative  pro- 
duction and  species  composition  on  a  site. 
These  factors  in  turn  affect  soil  development. 
Phosphorus  also  showed  significant  differ- 
ences between  soil  orders,  but  K,  Mg,  and  Ca 
did  not. 

Table  5  presents  an  interpretive  guide  for 
some  plant  nutrient  levels  in  the  soils  studied. 
The  values  reported  can  be  used  to  deter- 
mine whether  new  Al  horizon  nutrient  values 


are  unusual.  The  levels  reported  are  based  on 
means  and  standard  deviations  for  samples 
taken  from  each  soil  order  on  the  Caribou 
National  Forest.  Caution  is  suggested  in  ap- 
plying these  relations  to  soils  and  site  condi- 
tions significantly  different  from  those  of  this 
study. 

Nutrient  Cycling  Relations 

The  degree  of  nutrient  cycling  within  Mol- 
lisols,  Alfisols,  and  Entisols  was  studied.  The 
nutrients  P  and  Mg  were  analyzed  with  re- 
spect to  concentrations  in  the  Al  and  the  sub- 
soil of  selected  profiles.  If  P  and  Mg  were  not 
being  cycled  by  vegetation,  one  would  ex- 
pect higher  levels  of  both  elements  in  the 
subsoil  horizon  sampled.  Table  6  shows  that 
both  P  and  Mg  are  being  rapidly  pumped 
from  subsoil  to  Al  horizons  in  Mollisol  soils. 
Magnesium   is  significantly  more  concen- 


Table  2.  List  of  soil  families  considered  uith  associated  vegetation  types  and  sample  size. 


Soil  family 


Associated  vegetation  types 


Sample 


Order  Mollisols 

Fine,  mixed,  Argic  Pachic  Cryoborolls  Aspen,  Mountain 

Fine  loamy,  mixed,  Argic  Pachic  Cryoborolls  Aspen,  Mountain 

Clayey  skeletal,  mixed,  Argic  Pachic  Cryoborolls  Aspen,  Mountain 

Loamy,  skeletal,  mixed,  Argic  Pachic  Cryoborolls  Aspen,  Mountain 

Fine  loamy,  mixed,  Cryic  Pachic  Paleborolls  Mountain  Brush, 

Fine  loamy,  mixed,  Pachic  Cryoborolls  Aspen,  Mountain 

Coarse  loamy,  mixed,  Pachic  Cryoborolls  Aspen,  Mountain 

Loamy  skeletal,  mixed,  Pachic  Cryoborolls  Aspen,  Mountain 

Fine,  mixed,  Argic  Cryoborolls  Sage-Grass,  Forb 

Fine  loamy,  mixed,  Argic  Cryoborolls  Mountain  Brush, 

Loamy  skeletal,  mixed,  Argic  Cryoborolls  Mountain  Brush, 

Fine  loamy,  mixed,  Typic  Cryoborolls  Sage-Grass 

Loamy  skeletal,  mixed,  Typic  Cryoborolls  Mountain  Brush, 

Fine  loamy,  mixed,  mesic,  Typic  Argixerolls  Juniper,  Mounta 

Loamy  skeletal,  mixed,  mesic,  Typic  Argixerolls  Juniper,  Mountai 

Loamy  skeletal,  mixed,  mesic,  Typic  Haploxerolls  Juniper,  Mounta 


Brush,  Sage-Grass 
Brush,  Sage-Grass 
Brush,  Sage-Grass 
Brush,  Sage-Grass 
Sage-Grass,  Dry  Meadow 
Brush,  Sage-Grass 
Brush,  Sage-Grass 
Brush,  Sage-Grass 

Sage-Grass 
Sage-Grass 

Sage-Grass 
n  Brush,  Sage-Grass 
n  Brush,  Sage-Grass 
n  Brush,  Sage-Grass 


4 

24 

3 

4 

8 

4 

4 

4 

12 

19 

24 

3 

12 

10 

5 


Fine,  mixed,  Mollic  Cryoboralfs 
Fine  loamy,  mixed,  Mollic  Cryoboralfs 
Loamy  skeletal,  mixed,  Mollic  Cryoboralfs 
Fine  loamy,  mixed,  Typic  Cryoboralfs 
Loamy  skeletal,  mixed,  Typic  Cryoboralfs 


Order  Alfisols 

Pine,  Fir,  Mountain  Brush 
Pine,  Fir,  Mountain  Brush 
Pine,  Fir,  Mountain  Brush 
Pine,  Fir 
Pine,  Fir 


Fine  lGamy,mixed,  Typic  Cryorthents 
Loamy  skeletal,  mixed,  Typic  Cryorthents 
Fine  loamy,  mixed,  mesic,  Typic  Xerorthents 
Loamy  skeletal,  mixed,  mesic,  Typic  Xerorthents 
Sandy  skeletal,  mixed,  mesic,  Typic  Xerorthents 


Order  Entisols 

Pine,  Fir,  Sage-Grass 
Pine,  Fir,  Sage-Grass 
Juniper,  Sage-Grass 
Juniper,  Sage-Grass 
Juniper,  Sage-Grass 
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trated  in  the  Al  than  in  the  subsoil  of  Alfisols, 
and,  although  P  shows  a  strong  trend  in  the 
same  direction,  the  difference  is  not  statisti- 
cally significant.  There  is  only  a  slight  hint  of 
nutrient  pumping  in  the  Entisols  considered 
here.  A  Wilcoxon  paired  sample  test  was 
used  to  determine  if  the  nutrient  contents  of 
the  horizons  represented  different  popu- 
lations (Zar  1974). 

The  data  suggest  (Table  6)  that  vegetation 
on  Mollisols  (aspen,  mountain  brush,  and 
sage-grass  types)  are  effective  in  cycling  nu- 
trients each  year  from  the  subsoil  to  the  sur- 
face. Such  data  have  relevance  for  recom- 


mendations frequently  made  by  forest  soil 
scientists  to  stockpile  top  soil  before  ini- 
tiation of  site-disturbing  activities.  Top  soil  is 
widely  valued  for  its  beneficial  physical  and 
chemical  properties  for  site  reclamation 
(Brady  1974).  My  results  suggest  that  top  soil 
storage  would  be  highly  desirable  for  Molli- 
sols and  probably  for  Alfisols  as  well,  but  the 
practice  could  hardly  be  justified  for  the  En 
tisols  considered  here. 

Soil  Taxonomy  Implications 

Soil  organic  matter  appears  to  be  the  best 
indicator  of  soil  variability  and  potential  of 


Table  3.   Nutrient  values  for  Al  horizons  by  various  soil  groupint^s. 


Soil  group 


P(ppm) 


Ca(ppm)        K(ppm)         Mg(ppm) 


Organic 
matter  (%) 


Production' 


Mollic 
Epipedon 
depth" ° 


Fine  and  fine  loamy 
families  of  Argic 
Pachic 
Cryoborolls 

n  =  43 
x  =  48.6 
s=14.3 

27 

17.3 

11.2 

27 

11.2 

11.7 

35 
14.9 
9.6 

Fine  and  fine  loamy 
families  of  Pachic 
Cryoborolls 

n=12 
x  =  46.8 
s  =  2n.5 

10 

20.9 

20.6 

11 

16.8 

13.6 

11 

14.4 

10.8 

Fine  family  of  Argic 
Crvoborolls 

n=12 

x  =  47.7 
s=16.9 

8 

10.0 
5.9 

8 

12.9 
5.0 

12 
13.3 

8.1 

Fine  loamy  family  of 
Argic  Cryoborolls 

n  =  19 
x  =  46.4 
s=16.9 

8 

16.1 
9.8 

8 
13.8 

7.7 

16 

18.6 

13.1 

Loamy  skeletal 
family  of  Argic 
Cryoborolls 

n  =  24 
x  =  45.6 
s=19.6 

18 

17.6 

10.0 

19 

18.1 

13.8 

20 
12.8 
3.9 

Fine  and  fine  loamy 
families  of  Typic 
Cryoborolls 

n=15 
x  =  29.9 
s  =  21.0 

8 
24 
15.6 

9 
23.8 
21.4 

12 
11.4 
7.1 

All  Argic  Cryoborolls 

n  =  55 
x  =  46.3 
s=17.8 

.34 
1.5.5 
9.4 

35 

15.9 

11.2 

48 
14.8 
9.1 

All  Xerolls 

n  =  23 
X  =  23.4 
s=18.1 

10 

29.4 

32.7 

11 
9.2 

7.8 

19 

15.0 

12.0 

All  Alfisols 

n  =  22 
x  =  53.4 
s=15.9 

19 

13.0 

11.2 

21 

14.4 

11.6 

24 
10.4 
4.6 

All  Entisols 

n=19 
x  =  21.3 
s  =  20.7 

13 

14.4 

10.5 

11 
6.2 
8.4 

17 
9.0 
6.9 

All  Mollisols 

n=148 
x  =  41.8 
s=19.7 

89 

19.0 

16.2 

93 

14.6 

13.0 

124 
14.5 
9.7 

n  =  sample  size 

X  =  mean 

s  =  standard  deviation 

°  =  kg/ha/yr  dry  weight 
"•  =  cm 

43 

5.1 
1.2 

11 
.5.4 
1.5 

12 
4.9 
1.2 

21 
4.9 
1.2 

22 
4.5 
1.1 

15 
4.5 
1.4 

55 
4.7 
1.2 

23 
4.1 
1.1 

23 
3.2 
1.6 

19 
2.4 
1.1 

143 
4.8 
1.3 


43 

43 

1,882 

53.6 

446 

11.3 

11 

11 

1,6.34 

49.9 

440 

14.9 

12 

12 

1,123 

26.8 

293 

5.0 

19 

19 

1,382 

29.7 

276 

4.9 

24 

24 

1,260 

29.8 

383 

4.8 

15 

15 

968 

27.9 

333 

7.6 

55 

54 

1,284 

29.0 

348 

4.9 

23 

23 

859 

29.5 

255 

4.8 

147 
1,449 


148 
37.6 
14.3 


April  1984 


Jensen:  Idaho  Wildlands 


269 


Table  4.  A  comparison  of  mean  nutrient  vahies  of  the  Al  horizon  by  soil  order. 


Soil  order 

P(ppm) 

Ca(ppm) 

K(ppm) 

Mg(ppm) 

Organic  matter  (%) 

MoUisols 

Alfisols 

Entisols 

4L8^ 
53.4b 
2L3'^ 

19.0^ 
13.0^ 
14.4^ 

14.6" 

14.4'' 

6.2'' 

14.5* 

10.4b 

9.0b 

4.8* 
3.2b 
2.4*^ 

Note:  Means  having  the  same  letter  in  superscript  do  not  differ  significantly  as  determined  by  the  Newman-Keul  multiple  range  test  for  unequal  sample 
sizes  interpreted  at  the  95%  confidence  level. 


the  edaphic  factors  studied.  Organic  matter 
was  found  to  be  the  most  useful  variable  in 
distinguishing  between  soil  orders,  as  well  as 
Mollisol  subgroups. 

A  criterion  used  in  defining  MoUisols  is  or- 
ganic matter  content  of  the  mollic  epipedon 
(USDA  1975).  Specifically,  the  organic  mat- 
ter content  of  the  mollic  epipedon  must  be 
1%  or  more  throughout  its  thickness.  The 
mean  values  for  organic  matter  content  of 
the  soils  considered  suggest  that  the  1%  limit 
is  low.  The  mean  organic  matter  content  of 
Al  horizons  for  my  MoUisols  was  4.8%,  rang- 
ing down  to  2.4%  for  the  Entisols.  The  mean 
of  the  Entisols  was  significantly  greater  than 
1%  (Student  T  test  interpreted  at  the  95% 
confidence  level,  Zar  1974).  This  criterion 
from  Soil  Taxonomy  should  be  reconsidered 
for  forest  and  rangeland  soils  of  the  Inter- 
mountain  Region  of  the  United  States. 

Range  Production  Potentials 

A  knowledge  of  organic  matter  content  in 
the  mollic  epipedon  is  effective  in  assessing 
potential  range  production.  From  100  to  500 
years  are  needed  to  achieve  the  equilibrium 
content  of  organic  matter  in  the  mollic 
epipedon  (USDA  1975).  Vegetative  produc- 
tion of  intermountain  ranges  shows  consid- 
erable yearly  variability,  making  it  rather  dif- 
ficult to  assign  potentials  based  on  a  single 

T.\BLE  5.   Interpretative  table  for  nutrient  levels  ofthe 


year's  production.  Soil  organic  matter  offers 
an  alternative  for  assessing  potential,  since  it 
is  an  indicator  of  production  over  a  long  pe- 
riod of  time. 

Organic  matter  content  of  MoUisols  Al  ho- 
rizon showed  a  positive  correlation  with  veg- 
etative production  (Table  7).  The  correlation 
(r  =  .62)  would  probably  be  improved  if  more 
quantitative  vegetative  sampling  techniques 
than  were  used  in  this  study  were  employed. 
Production  showed  a  good  relationship  to 
both  mollic  epipedon  depth  and  elevation  on 
selected  range  sites.  The  following  multiple 
regression  equation  was  developed  to  assist  in 
making  estimates  of  production  potentials  on 
the  Caribou  National  Forest.  Production 
(kg/ha/yr)  =  -3053.8  +  54.0  (mollic  epipe- 
don depth,  cm)  -I-  1.57  (elevation,  m);  n  =  23 
(r2  =  .82). 

Potassium-Magnesium  Ratio  Implications 

Vegetative  manipulation  practices  are 
common  in  forested  lands  of  this  region  of 
the  United  States,  with  efforts  being  made  to 
change  the  proportion  of  grasses,  forbs,  and 
shrubs  in  the  pretreatment  cover.  A  knowl- 
edge of  the  K-Mg  ratio  of  the  soil's  Al  hori- 
zon may  be  useful  to  the  land  manager  in 
making    better    cost-effective    proposals    for 

Al  horizon  by  soil  order. 


Soil  order 

Level 

P(ppm) 

Ca(ppm) 

K(ppm) 

Mg(ppm) 

Organic  matter  (%) 

MoUisols 

Low 

Moderate 
High 
Very  high 

<22 
22  to  41 
42  to  61 

>61 

3 

3  to  19 

20  to  35 

35 

2 

2  to  14 

15  to  28 

28 

5 

5  to  14 

15  to  24 

24 

3.5 

3.5  to  4.9 

5.0  to  6.0 

6.0 

Alfisols 

Low 

Moderate 
High 
Very  high 

<38 
38  to  53 
54  to  69 

>69 

2 

2  to  13 

14  to  24 

24 

3 

3  to  14 

15  to  26 

26 

6 

6  to  10 

11  to  15 

15 

1.6 
1.6  to  3.2 
3.3  to  4.8 

4.8 

Entisols 

Low 

Moderate 
High 
Very  high 

<    1 

1  to21 

21  to  42 

>42 

4 

4  to  14 

15  to  25 

25 

1 

1  to  6 

7  to  12 

12 

2 

2  to  9 

10  to  16 

16 

1.3 

1.3  to  2.5 

2.6  to  3.5 

3.5 
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Table  6.  Horizon  differences  in  phosphorus  and  magnesium  contents  by  soil  order. 

P(ppm) 


Alfisols 


Entisols 


Mg(ppm) 


Soil  order        Al  horizon        Subsoil  horizon         Difference  (%)  Al  horizon      Subsoil  horizon        Difference  (%) 

MoUisols 


X  =  39.0 

21.8 

s  =  20.0 

20.2 

n  =70 

.X  =  51.3 

35.7 

s  =  17.4 

24.7 

n  =  17 

X  =  23.8 

20.2 

s  =  23.6 

19.0 

n  =    9 

79° 


44 


18 


15.3 

7.2 

9.2 

2.1 

11. 1 

6.0 

5.2 

1.4 

11.4 

10.9 

11.3 

9,7 

113° 


85° 


"Indicates  that  the  Al  and  subsoil  horizon  population  values  are  significantly  different  (P<0.05)  by  use  of  the  Wilcoxon  paired  sample  test 


range  improvement  expenditures  (K.  T.  Har- 
per, pers.  comm.). 

Table  8  shows  the  relationship  of  this  ratio 
to  the  vegetative  composition  of  the  MoUi- 
sols. A  significant  negative  correlation  was 
found  between  the  K-Mg  ratio  and  grass 
composition  of  the  sites.  The  composition  of 
shrubs  showed  a  significant  positive  correla- 
tion to  the  ratio,  yet  the  coefficient  of  deter- 
mination was  low.  Errors  in  the  determina- 
tion of  shrub  composition  probably 
contributed  to  this  fact.  Woodward  (1981) 
found  the  same  general  relationships  as  those 
presented  in  Table  8  for  30  species  of  Utah 
range  plants.  The  root  cation  exchange  ca- 
pacity (CEC)  for  the  species  of  his  study  av- 
eraged 33.5  meq/lOOg  for  the  shrubs,  33.2 
meq/lOOg  for  the  forbs,  and  14.7  meq/lOOg 
for  the  grasses.  These  differences  affect  nutri- 
ent uptake  by  the  plants. 

The  strength  of  attraction  of  a  cation  to  a 
negatively  charged  surface,  i.e.,  plant  root,  is 
directly  proportional  to  the  charge  on  tlie 
surface  and  the  cation,  and  inversely  propor- 


Table  7.  The  relationship  of  vegetative  dry  weight 
production  to  organic  matter  in  the  Mollisol  soil  order. 
Vegetative  production  (kg/ha/yr)  =  172.9  -I-  259.1  (or- 
ganic matter  (%)  in  the  Al  horizon):  r^  =  .38,  n  =  147 


Organic  matter  ( 

;%) 

Corresponding  vegetative 

in  Al  horizon 

produc 

•tion  predictions 

1 

431 

2 

691 

3 

950 

4 

1208 

5 

1468 

6 

1727 

7 

1986 

tional  to  the  distance  between  them  (Russel 
1973).  It  can  be  assumed  that  the  higher  the 
CEC  of  a  root,  the  more  the  root  would  tend 
to  attract  Mg  rather  than  K.  Since  the  shrubs 
of  this  study  had  significantly  higher  root 
CEC  values  than  the  grasses,  we  would  ex- 
pect them  to  absorb  Mg  from  the  soil  solu- 
tion at  a  greater  rate  than  the  grasses.  Con- 
versely, the  rate  at  which  shrubs  absorb  K 
would  be  less  than  that  for  the  grasses,  since 
the  shrub  exchange  sites  are  selectively  at- 
tracting divalent  cations,  thus  creating  a  soil 
solution  around  the  root  that  is  enriched  in 
divalents  and  impoverished  in  respect  to 
monovalent  cations.  These  relations  suggest 
that  range  sites  with  high  K-Mg  ratios  in  the 
soil  would  favor  the  growth  of  shrubs  and 
sites  with  low  K-Mg  ratios  would  favor  grass 
production  (K.  T.  Harper,  pers.  comm.).  This 
has  indeed  been  the  case  for  the  Utah  range 
plants  studied  by  Woodward  (1981)  and  the 
range  sites  of  this  study. 

Concluding  Remarks 

This  study  of  edaphic  factors  on  selected 
forest  and  rangelands  in  southeastern  Idaho 


Table  8.  The  relationship  of  the  potassium  magne- 
siiun  ratio  of  the  Al  horizon  to  vegetative  composition  in 
the  Mollisol  soil  order. 


K/Mg         Shrub  (%)      Grass  (%) 


1.42 

39.2 

33.6 

1.05 

19.6 

15.4 

73 

73 

73 

Note:  Regression  slope  is  significantly  different  than  0  at  a  95%  con- 
fidence level. 


Mean 

Standard  deviation 

Sample  size 

Grass  (%)  =  56.4  e-39(K/Mg).  ^  =    60,  n  =  73 

Shrub  (%)  =  27.8  e-24  (K/Mg).  ^2=180  =  73 

Note:   1.  The  exponential  regressions  provided  gave  better  fits  than  did 
linear  regressions. 
2.  Regression  slopes  are  significantly  different  than  0  at  a  95% 
confidence  level. 
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provides  relationships  that  will  be  of  use  to 
managers  of  wildlands  in  the  Interniountain 
Region  of  the  United  States.  More  research 
on  wildland  soils  of  this  region  is  needed, 
since  large  data  bases  are  required  for  devel- 
opment of  interpretive  models  of  soil-plant 
relationships. 
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BREEDING  BIRDS  OF  AN  ANCIENT  BRISTLECONE  PINE  STAND 
IN  EAST  CENTRAL  NEVADA 

Dean  E.  Medin' 

Abstrac:t.—  This  paper  describes  features  of  the  breeding  bird  population  of  a  Great  Basin  ancient  bristlecone 
pine  stand  on  Wheeler  Peak  in  White  Pine  Countv,  east  central  Nevada.  The  bird  population  was  determined  by 
spot-mapping  methods  on  a  20-ha  plot  during  June  and  July  1981.  The  density  of  breeding  birds  was  82  pairs  per  40 
ha.  Fourteen  species  were  territorial.  The  most  abundant  species  were  the  Dark-eyed  Junco,  Mountain  Chickadee, 
Mountain  Bluebird,  and  Townsend's  Solitaire.  Other  common  breeding  species  included  the  Cassin's  Finch,  Yellow- 
mmped  Warbler,  Pine  Siskin,  and  Dusky  Flycatcher.  There  were  410  individual  breeding  birds  per  km^.  When 
expressed  as  standing  crop  biomass,  the  Townsend's  Solitaire  was  the  predominant  species,  followed  by  the  Dark- 
eyed  Junco,  American  Robin,  Moimtain  Bluebird,  and  Northern  Flicker.  Total  standing  crop  biomass  was  95  g/ha. 
None  of  the  breeding  birds  were  restricted  to  the  bristlecone  pine  stand.  The  structure  of  the  breeding  bird 
conuininitv  in  the  bristlecone  pine  forest  compared  best  to  those  of  the  Rocky  Mountain  and  Northern  Boreal  forest 
reuions. 


Bristlecone  pine  {Pinus  longaeva),  the  old- 
est living  tree  of  verified  age  presently 
known,  grows  on  dry,  rocky  subalpine  habi- 
tats in  the  Great  Basin.  Scattered  stands  oc- 
cur in  the  Utah  Plateaus,  west  through  Ne- 
vada to  the  White,  Inyo,  and  Panamint 
moiuitains  of  eastern  California  (Cronquist  et 
al.  1972).  The  bristlecone  pine  is  a  gnarled 
and  bushy  tree,  often  exceeding  15  m  in 
height  and  with  a  thick,  shallowly  lobed 
trunk.  It  grows  at  high  elevations,  sometimes 
with  limber  pine  {Pinus  flexilis),  Engelmann 
spRice  {Picea  engelmannii),  and  subalpine  fir 
{Abies  lasiocarpa). 

The  longevity  and  esthetic  appeal  of  the 
sculptured  bristlecone  pine  trees  and  their 
environments  have  generated  interest  among 
scientists  and  recreationists  (Ferguson  1968). 
Trees  over  3,000  years  old  are  common,  and 
several  over  4,000  years  have  been  found 
(Currey  1965).  In  1959  the  USDA  Forest  Ser- 
vice designated  11,330  ha  of  the  Humboldt 
National  Forest  in  the  Snake  Range  of  east- 
ern Nevada  as  the  Wheeler  Peak  Scenic  Area 
in  recognition  of  the  exceptional  scenic,  bo- 
tanical, and  geologic  attractions  of  the  area 
and  to  provide  protection  for  the  ancient 
bristlecone  pine  stands  on  Wheeler  Peak  and 
nearby  Mount  Washington. 

Tlie  avifavma  of  these  unique  stands  of  an- 
cient trees  have  received  little  quantitative 


study.  This  paper  describes  features  of  the 
breeding  bird  population  of  a  stand  of  bristle- 
cone pine  on  Wheeler  Peak  in  White  Pine 
County,  east  central  Nevada. 

Study  Area  and  Methods 

The  bristlecone  pine  stand  is  at  the  mouth 
of  a  deep  glacial  cirque  on  the  northeast  face 
of  Wheeler  Peak  (elevation  3,981  m),  62  km 
southeast  of  Ely,  Nevada.  The  stand  covers 
about  55  ha  and  ranges  in  elevation  from 
about  3,100  m  to  the  upper  limits  of  tree 
growth  near  3,300  m.  The  slopes  are  steep 
and  covered  with  coarse-textured  glacial  till 
composed  of  quartzite  blocks  (Currey  1965). 
The  area  has  a  dry,  cool  climate  with  max- 
imum precipitation  occurring  in  late  winter 
and  spring.  Mean  annual  precipitation  is 
about  76  cm  (Beasley  and  Klemmedson 
1980). 

Bristlecone  pine  dominates  the  stand,  mak- 
ing up  54%  of  the  total  tree  composition; 
limber  pine  (34%)  and  Engelmann  spruce 
(12%)  are  the  primary  associates  (Beasley  and 
Klemmedson  1976).  Total  basal  area  ranges 
from  about  19  m-/ha  on  harsh  sites  to  43 
m^/ha  on  favorable  sites  (Table  1).  At  its 
lower  elevational  limits,  the  stand  grades  into 
the  mixed-conifer  forest  of  Engelmann 
spruce,  limber  pine,  and  Douglas-fir  {Pseii- 
dotsuga    menziesii)    typical    of   the    Snake 


'USDA  Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station,  Ogden,  Utah  84401.  Stationed  at  the  Shrub  Sciences  Laboratory,  7.35  North 
500  East,  Provo,  Utah  84601. 
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Range.  The  understory  vegetation  is  general- 
ly sparse.  Common  shrubs  inchide  gooseberry 
{Ribes  montigenum),  raspberry  (Ruhtis 
ickieus),  common  juniper  {Jiiniperus  commu- 
nis), and  goldenweed  (Haplopappus 
macronema). 

A  20-ha  plot  was  censused  for  breeding 
birds  using  the  Williams  spot-map  method 
(International  Bird  Census  Committee  1970). 
Methodological  difficulties  and  other  specific 
problems  of  tlie 'mapping  technique  are  sum- 
marized by  Oelke  (1981)  and  Dawson  (1981). 
The  census  plot  was  chosen  to  best  represent 
the  stand  of  bristlecone  pine.  The  upper 
boimdary  approached  timberline,  and  a  shal- 
low, rocky  morainal  pond  (about  0.8  ha)  was 
included  near  the  lower  margin  of  the  plot. 
The  square  plot  was  surveyed  and  gridded  in 
a  Cartesian  coordinate  system  with  points 
flagged  and  numbered  with  stakes  at  75-m  in- 
tervals. Ten  census  visits  were  made  to  the 
plot  from  18  June  to  17  July  1981.  Most  of 
the  work  was  done  from  sunrise  to  late  morn- 
ing when  birds  were  most  active.  To  ensure 
complete  coverage,  the  plot  was  censused  by 
walking  within  50  m  of  all  points  on  the  grid. 
Observations  extended  well  beyond  plot 
boimdaries. 

At  the  end  of  the  sampling  period,  concen- 
trated groups  of  observations  were  circled  as 
indicating  areas  of  activity  or  approximate 
territories.  Fractional  parts  of  boundary  terri- 
tories were  recognized.  Results  were  con- 
verted to  the  number  of  pairs  of  breeding 
birds  per  40  ha.  Shannon's  formula  (H'  = 
-Spjln  p„  where  pj  =  N/N  is  the  propor- 
tion of  the  collection  belonging  to  the  ith 
species)  was  used  to  calculate  the  species  di- 
versity index  (Shannon  and  Weaver  1963). 


Results  and  Discussion 

The  density  of  breeding  birds  occupying 
the  bristlecone  pine  census  plot  was  82  pairs 
per  40  ha  (Table  2).  Fourteen  species  were 
territorial.  The  most  numerous  species,  each 
making  up  more  than  10%  of  the  population 
and  collectively  accounting  for  53%,  were 
the  Dark-eyed  Junco,  Mountain  Chickadee, 
Mountain  Bluebird,  and  Townsend's  Solitaire. 
Other  common  species,  each  including  5%  to 
10%  of  the  population,  were  the  Cassin's 
Finch,  Yellow-rumped  Warbler,  Pine  Siskin, 
and  Dusky  Flycatcher.  There  were  410  indi- 
vidual breeding  birds  per  km-.  When  ex- 
pressed as  standing  crop  biomass,  the  Town- 
send's Solitaire  was  the  predominant  species, 
followed  by  the  Dark-eyed  Junco,  American 
Robin,  Mountain  Bluebird,  and  Northern 
Flicker.  Those  five  species  made  up  65%  of 
the  standing  crop  biomass  of  the  breeding 
avifauna.  Total  standing  crop  biomass  was  95 
g/ha. 

In  addition  to  the  14  territorial  species  list- 
ed in  Table  2,  the  Common  Raven  {Corvus 
corax),  Clark's  Nutcracker  {Nucifraga  colum- 
biana),  and  Rosy  Finch  {Leiwosticte  arctoa) 
were  commonly  observed.  Rocky  cliffs  and 
talus  slopes  adjacent  to  the  census  plot  pro- 
vided nesting  substrates  for  the  Raven  and 
Rosy  Finch.  The  Golden  Eagle  {Aqiiila  chrij- 
saetos),  Violet-green  Swallow  {Tachycineta 
thalassina).  Red-breasted  Nuthatch  (Sitta 
canadensis).  Brown  Creeper  {Certhia  ameri- 
cana),  and  Red  Crossbill  {Loxia  curvirostra) 
were  infrequent  visitors. 

Species  may  be  categorized  by  foraging 
substrate  (air,  foliage,  timber,  or  ground)  and 
dietary  habits  (insectivore,  omnivore,  or 
granivore).  Categories  indicated  in  Table  2 


Table  1.  Characteristics  of  Wheeler  Peak  bristlecone  pine  stand  on  6  sites.' 


Basal 

area 

Mean  area 

Relative 

plant 

Stone 

Bristlecone 

Engelmann 

Limber 

per 

site 

cover 

cover 

pine 

spruce 

pine 

Total 

tree 

quality 

(%) 
8.80 

(%) 

(m2/ha) 

(m2/ha) 

(m2/ha) 

(m2/ha) 

(m2) 

Favorable 

57.3 

15.6 

15.8 

7.1 

38.5 

30.0 

3.45 

59.7 

6.9 

18.6 

9.6 

.35.1 

24.5 

1.94 

45.4 

7.8 

18.4 

17.2 

43.4 

22.0 

Harsh 

3.08 

83.6 

13.5 

7.3 

1.6 

22.4 

36.5 

3.01 

71.5 

16.3 

7.1 

2.8 

26.2 

46.0 

0.79 

89.8 

17.0 

1.8 

0.7 

19.5 

135.0 

^From  Beasley  and  Klemmedson  (1980). 
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are  based  upon  those  developed  by  Salt 
(1953)  as  modified  by  Diem  and  Zeveloff 
(1980).  The  14  breeding  bird  species  were 
distributed  over  eight  different  foraging  cate- 
gories. Foliage  gleaners  and  ground  feeders 
were  equally  divided  among  the  species  rep- 
resented, and  those  forms  made  up  the  larg- 
est proportion  of  all  foraging  categories. 
Among  the  foliage  feeders,  insectivorous  spe- 
cies predominated.  Ground-gleaning  forms 
were  also  mainly  insectivorous.  Three  species 
were  largely  granivorous.  The  aerial-sally 
category  was  represented  by  only  one  species 
(Dusky  Flycatcher),  as  was  the  timber-glean- 


ing category  (White-breasted  Nuthatch). 
Timber-drilling  forms  were  conspicuous  by 
their  absence  in  the  bristlecone  pine  stand. 
Wiens  (1978)  showed  that  foliage-feeding 
forms  numerically  dominate  the  avifauna  in 
North  American  coniferous  forests,  with 
ground-feeding,  timber-foraging,  and  aerial 
feeders  less  important,  in  decreasing  order. 
The  avifauna  of  the  bristlecone  pine  forest 
appear  to  generally  fit  this  pattern. 

The  substrates  used  for  nesting  provide  ad- 
ditional information  about  the  bird  popu- 
lation. Of  the  14  breeding  bird  species,  7 
(50%)  nest  in  foliage,  4  (29%)  use  cavities,  and 


Table  2.   Ecological  attributes  and  population  density  of  the  breeding  birds  of  an  ancient  bristlecone  pine  stand, 
Wheeler  Peak,  Nevada,  June-July  1981. 


Species 


Species 
weight* 

(g) 

Nesting 
substrate'' 

Foraging 
category^ 

Popidation 

density 

(pairs/40  ha] 

3.5 

F 

FNI 

4.0 

134.1 

C 

GGI 

1.5 

12,4 

F 

ASI 

5.5 

11.3 

C 

FGI 

11.5 

17.4 

C 

TGO 

1.0 

15.9 

G 

GGI 

0.5 

69.9 

F 

GGI 

3.5 

29.8 

F 

FFO 

2.5 

26.6 

C 

GGI 

9.0 

32.9 

G 

FFO 

8.5 

13.0 

F 

FGI 

6.5 

26.6 

F 

GGG 

7.5 

11.6 

F 

FGG 

6.0 

18.1 

G 

GGG 

14.5 

Broad-tailed  Hummingbird 

{Schisphorus  platijcerciis) 
Northern  Flicker 

(CoUiptes  auratus) 
Dusky  Flycatcher 

(Empidonax  oberhohcri) 
Mountain  Chickadee 

(Pants  oamheli) 
White-breasted  Nuthatch 

lySitta  carol inensis) 
Rock  Wren 

iSalpincte.s  uhsoletus) 
.\merican  Robin 

(Tiirdus  migratorius) 
Hermit  Thnish 

(Catharus  gtittattis) 
Mountain  Bluebird 

( Smlia  cttrriicoides) 
Townsend's  Solitaire 

{Mtjadestcs  tounsendi) 
Yellow-nuuped  Warbler 

(Dendroica  coioiuita) 
Cassin's  Finch 

{Carpodacufi  cassin ii ) 
Pine  Siskin 

[Cardiiclis  piiuis) 
Dark-eved  Junco 

iJmui)  liijcinalis) 

Total  number  of  spec;ies  =  14 
Total  pairs  per  40  ha  =  82 
Total  individuals  per  km^  =  410 


Standing  crop  biomass  =  95  g/ha 
Species  diversity  index  =  2.39 
Plot  size  =  20  ha 


^Species  weights  from  Linsdale  (1936),  Behle  (1943),  Salt  (1957),  and  Johnson  (1965) 
T  =  foliage,  C  =  cavitv,  G  =  ground, 

TOO  = 


=  foliage  nectivore-insectivore,  GGI  =  ground-g 
timber-gleaning  omnivore,  FFO  =  foliage-feeding 


leaning  insectivore,  ASI   =  aerial  sally-feeding  inseetivore,  FGI   =  foliage-gleaning  insectivore, 
omnivore,  FGG  =  foliage-gleaning  granivore,  GGG  =  ground-gleaning  granivore. 
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Table  3.  Features  of  breeding  bird   community   structure   in   coniferous  forests  of  different   regions  of  North 
America." 


Number  of 
species 


Density 
(individuals/km^) 


Standing  crop 
biomass  (g/ha) 


Region 

Censuses 

X 

SD 

X 

SD 

X 

SD 

Northwest 

17 

15.4 

6.1 

1456 

621 

283 

102 

Sierra  Nevada 

6 

21.3 

5.0 

796 

410 

251 

215 

Great  Basin*' 

1 

14.0 

— 

410 

_ 

95 

_ 

Rockv  Mountain 

17 

14.0 

5.0 

736 

575 

188 

147 

Northern  Boreal 

4 

14.5 

3.9 

466 

216 

80 

32 

Southeast 

10 

21.6 

5.5 

1221 

407 

281 

95 

Northeast  (mature) 

18 

22.6 

4.2 

1341 

343 

273 

146 

Northeast  (immature) 

9 

11.1 

3.7 

329 

150 

65 

50 

"From  Wiens(  1978). 

"Data  from  this  study  included  to  facilitate  comparisons. 


3  (21%)  nest  on  the  ground  (Table  2).  Numer- 
ically, foliage  nesters  made  up  43%  of  the 
population;  ground  nesters  and  cavity  nesters 
each  accounted  for  about  28%  of  the  breed- 
ing avifaima  of  the  bristlecone  pine  stand. 
The  Northern  Flicker  is  the  only  primary 
hole-nesting  species  represented.  Secondary 
cavity  nesters  (Mountain  Chickadee,  Moun- 
tain Bluebird,  White-breasted  Nuthatch) 
made  up  the  bulk  of  the  hole-nesting  forms. 
The  Dark-eyed  Junco  was  predominate 
among  the  ground  nesters. 

None  of  the  breeding  birds  listed  in  Table 
2  are  restricted  to  the  bristlecone  pine  forest. 
With  the  exception  of  the  Common  Raven, 
all  the  birds  observed  in  the  Wheeler  Peak 
bristlecone  pine  stand  are  included  among 
the  80  species  designated  as  boreal  by  Behle 
(1978)  in  his  study  of  the  avifauna  of  14  bo- 
real islands  in  western  and  southeastern  Utah. 
Also,  11  of  the  14  birds  that  Johnson  (1975) 
called  "standard"  boreal  species  of  Great  Ba- 
sin montane  island  avifaunas  are  represented 
in  the  bristlecone  pine  forest.  Johnson  consid- 
ered this  standard  group  of  interest  ecologi- 
cally because  the  species  that  comprise  it 
nearly  always  occur  together  and  may  be 
taken  to  represent  the  basic  commimity  of 
western  American  boreal  birds. 

Wiens  (1978)  summarized  the  structure  of 
breeding  bird  communities  in  the  coniferous 
forests  of  different  regions  of  North  America 
(Table  3).  In  comparison,  the  number  of 
breeding  bird  species  encountered  in  the 
Wheeler  Peak  bristlecone  pine  stand  is  lower 
than  the  average  number  in  coniferous  forests 
of  the  northwestern,  northeastern,  and  south- 
eastern regions  and  in  the  Sierra  Nevada.  The 


species  total  in  the  bristlecone  pine  stand  is 
similar  to  the  average  number  of  breeding 
species  recorded  in  the  Rocky  Mountain  re- 
gion and  the  Northern  Boreal  forest  of  north- 
western Canada  and  southeastern  Alaska. 
The  number  of  birds  per  unit  area  and  the 
standing  crop  biomass  of  breeding  birds  in 
the  bristlecone  pine  forest  compare  most  fa- 
vorably with  those  of  the  Northern  Boreal 
forest  region.  Johnson  (1975)  commented  on 
the  seeming  paucity  of  both  total  species 
numbers  and  numbers  of  individuals  of  a  giv- 
en species  on  many  montane  islands  of  the 
Great  Basin  when  compared  with  areas  of 
similar  size  in  the  Sierra  Nevada  or  the 
Rocky  Mountains.  The  quantitative  avifaunal 
data  from  the  Wheeler  Peak  stand  of  bristle- 
cone pine  tend  to  verify  this  impression. 
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CHECKLIST  OF  VASCULAR  PLANTS  OF  THE  CANYON  AND  CHURCH  MOUNTAINS 

Sherel  Goodrich' 


Abstract.  A  checklist  of  vascular  plants  of  the  Canyon  and  Church  mountains,  Juab  and  Millard  counties,  Utah, 
is  provided.  Frequencv,  distribution,  and  flowering  time  of  taxa  within  the  study  area  are  indicated.  Collection  num- 
bers of  voucher  specimens  are  listed.  Physiography,  climate,  and  plant  communities  of  the  area  are  briefly  described. 


People  involved  in  rangeland  and  forest  in- 
ventories studies  are  frequently  faced  with 
the  need  to  identify  plants.  Plant  checklists 
for  rather  small  areas  can  be  very  helpful  to 
these  people  or  anyone  who  would  like  to 
know  the  name  of  a  plant.  Local  checklists 
greatly  reduce  the  number  of  choices  possible 
in  comparison  to  the  numerous  choices  from 
manuals  covering  large  areas.  In  the  absence 
of  completed  floristic  treatments  for  the  In- 
termomitain  Region,  localized  checklists  are 
often  the  main  source  of  information  about 
the  flora  of  an  area.  In  addition,  phytogeo- 
graphy  is  of  great  interest  to  ecologists  and 
others.  Checklists  of  specific  mountain  ranges 
provide  a  basis  for  many  phytogeographic 
studies.  The  primary  objective  of  this  study  is 
to  provide  a  plant  list  for  the  use  of  those 
working  in  the  Canyon  Movmtains  area. 
Some  other  local  checklists  of  the  Inter- 
moimtain  area  have  been  authored  by  Gra- 
ham 1937,  Harris  1980,  Lewis  1970,  1971, 
1973,  Linsdale  et  al.  1952,  MacMillian  1948, 
Neese  1981,  Preece  1950,  and  Welsh  1957. 

Work  is  currently  imder  way  on  three  ma- 
jor floras  (Intemiountain  Flora,  The  Atlas  of 
Vascular  Plants  of  Utah,  and  Utah  Floral^) 
that  include  the  area  of  this  study.  These 
treatments  are  dependent  upon  plant  speci- 
mens for  descriptions  and  distribution  data  of 
plant  taxa.  The  secondary  objective  of  this 
study  was  to  provide  specimens  for  these 
projects.    Many   specimens   collected   during 


this  study  are  deposited  at  New  York  Bot- 
anical Garden,  University  of  Utah,  Utah  State 
University,  and  Brigham  Young  University,  at 
which  institutions  the  above  floras  are  being 
written. 

Study  Area 

The  area  included  in  this  study  is  within 
the  Canyon  and  Church  Mountains  in  Mil- 
lard and  Juab  counties,  Utah  (Fig.  1).  These 
mountains  are  at  the  eastern  edge  of  the 
Great  Basin.  The  Canyon  Mountains  are  a 
narrow,  steep,  fault-block  range  that  is  about 
32  km  (20  miles)  long  with  a  north-south  axis. 
Elevation  varies  from  about  1463  m  (4800  ft) 
to  2962  m  (9717  ft)  at  the  top  of  Fool  Peak. 
Much  of  the  range  is  steep  and  rocky  with 
massive  rock  outcrops  forming  cliffs  and  led- 
ges mainly  of  precambrian  quartzite  and 
with  some  limestone.  The  Church  Mountains 
are  at  the  south  end  of  Canyon  Mountains 
and  consist  of  a  few  low  hills  with  an  east- 
west  axis.  The  boundary  of  the  Fishlake  Na 
tional  Forest  encompasses  the  two  ranges, 
and  the  National  Forest  Boundary  was  used 
as  a  boundary  for  this  study. 

The  climate  is  typically  that  of  the  Great 
Basin,  with  cold  moist  winters  and  warm  dry 
summers.  Two  weather  stations  (Oak  City 
and  Scipio)  with  long-term  records  are  adja- 
cent to  the  area.  Average  annual  precipi- 
tation was  30.63  cm   (12.06  inches)  for  65 


'USDA  Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station,  Ogden,  Utah  84401;  stationed  at  the  Shrub  Sciences  Laboratory.  Provo,  Utah 
84601. 

'These  floras  are  in  various  stages  of  completion.  Two  of  the  six  volumes  of  the  Intermountain  Flora  are  pubhshed  (Cronquist  et  al.  1972,  1977).  The  Atlas 
of  Vascular  Pliints  of  Utah  is  in  preparation.  Several  plant  families  of  the  Utah  Flora  have  been  published  separately  or  a  few  together  (Welsh  1978,  1980, 
1982.  Welsh  and  Reveal  1977). 
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Fig.  1  Checklist  collection  area. 

years  at  Oak  City,  and  31.34  cm  (12.34  inch- 
es) for  76  years  at  Scipio.  Figure  2  shows  the 
monthly  distribution  of  precipitation  at  these 
two  stations. 

The  average  frost-free  period  was  144  days 
at  Oak  City  for  1956  through  1979.  Scipio  is 
in  a  basin  where  cold  air  drainage  is  com- 
mon, and  this  station  has  a  considerably 


shorter  frost-free  period.  The  average 
frostfree  period  was  103  days  for  1956  to 
1979,  or  41  days  shorter  than  at  Oak  City.  At 
Oak  City,  12  May  was  the  average  day  for 
the  last  freezing  temperature  in  the  spring 
for  1956  to  1979.  This  date  at  Scipio  was  2 
June,  for  the  same  period,  or  about  20  days 
later  than  at  Oak  City.  Figure  3  shows  the 
average  monthly  temperature  for  the  two 
stations. 

Most  of  the  lower  elevations  in  the  study 
area  are  out  of  the  zone  of  cold-air  drainage 
in  which  Scipio  is  located,  and  the  climate  of 
the  area  is  probably  more  nearly  like  that  at 
Oak  City.  The  upper  elevations  likely  have 
considerably  more  precipitation  and  colder 
temperatures. 

Plant  Communities 

Pinyon-juniper 

Pinyon  pine  (P/ni/5  edulis),  singleleaf  pin- 
yon  (P.  monophyUa),  and  juniper  (Juniperus 
osteospenna)  communities  cover  the  Church 
Mountains  and  lower  hills  of  the  Canyon 
Mountains.  They  extend  up  to  near  the  high 
points  of  the  Canyon  Mountains  on  south  ex- 
posures before  being  replaced  by  mountain 
Ijrush  communities.  On  north  exposures,  they 
are  replaced  at  much  lower  elevations.  Juni- 
per dominates,  and  the  pinyons  are  nearly 
lacking  at  lower  elevations,  but  at  upper  ele- 
vations the  pinyons  are  most  abundant.  The 
limits  of  pinyon  and  juniper  seem  controlled 
by  cold  temperatures  of  low-level  inversions 
in  the  valleys  and  by  increasing  cold  temper- 
atures with  increasing  elevation.  The  lower 
limits  are  likely  also  influenced  by  lower  pre- 
cipitation. Reference  to  the  pinyon-juniper 
zone  is  frequently  made  in  the  text.  This  re- 
fers somewhat  loosely  to  that  elevational 
range  at  which  either  or  both  pinyon  and 
juniper  are  common.  This  varies,  roughly,  at 
the  lower  limit  from  1585  to  1707  m 
(5200-5600  ft)  to  an  upper  limit  of  about 
2438  m  (8000  ft)  on  south  exposures,  and  up 
to  only  about  1830  m  (6000  ft)  on  north 
exposures. 

Mountain  Brush 

Mountain  brush  communities  border  the 
upper   edge   of  pinyon-juniper   communities 
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and  follow  canyons  and  drainages  well  down 
into  the  pinyon-juniper  zone.  They  are  domi- 
nated by  one  or  more  of  the  following  plants: 
Oak  {Querctis  gambelii),  curlleaf  mountain 
mahogany  {Cercocarpiis  ledifolitis),  true 
moimtain  mahogany  (C.  rnontanus),  greenleaf 
manzanita  {Arctostaphylos  pattila),  and 
chokecherry  {Prunus  virginiana).  Oak  and 
curlleaf  moimtain  mohagany  are  by  far  the 
most  abimdant  of  these  plants.  Communities 
dominated  by  curlleaf  mountain  mahogany 
are  typically  found  on  shallow  rocky  soils  and 
often  on  warm  exposures,  while  those  domi- 
nated by  oak  are  on  somewhat  more  favor- 
able soils  and  sometimes  on  cooler  exposures. 
Along  canyon  bottoms,  oak  often  becomes 
tree  like,  and  it  is  sometimes  associated  with 
bigtooth  maple  (Acer  grandidentatwn).  As  re- 
ferred to  in  the  text,  the  mountain  brush  zone 
is  that  area  typically  above  the  pinyon-juni- 
per zone  where  any  of  the  above-listed  plants 
are  dominant. 


Sagebrush 

Wyoming  big  sagebrush  {Artemisia  triden- 
tata  ssp.  wtjomingensis)  communities  cover 
extensive  areas  just  beyond  the  boundary  of 
this  study  area,  such  as  in  Little  Valley  on  the 
east  side  of  the  Canyon  Mountains,  where 
most  of  this  sagebrush  was  removed  in  an  ex- 
tensive burn  in  1981.  Soils  of  these  commu- 
nities often  have  a  hardpan  that  is  high  in 
carbonates.  This  pan  typically  occurs  from  30 
to  55  cm  (12  to  22  inches)  below  the  surface. 
Much  of  the  area  covered  by  Wyoming  big 
sagebrush  is  below  the  pinyon-juniper  zone. 
An  abundance  of  this  sagebrush  over  a  large 
area  probably  indicates  that  average  annual 
precipitation  is  between  20.32  and  25.40  cm 
(8-10  inches). 

Vasey  sagebrush  (A.  tridentata  ssp.  va- 
seyana)  becomes  abundant  at  about  the 
lower  edge  of  the  pinyon-juniper  zone  and 
extends  to  the  highest  elevations  of  the  area. 
With  juniper,  it  covers  extensive  areas  at  the 
lower  elevations  of  the  pinyon-juniper  zone 
where,  it  is  most  common  on  concave  topog- 
raphy. On  convex  topography,  where  soils 
are  more  shallow,  it  is  replaced  by  black 
sagebrush  (A.  nova).  Vasey  sagebrush  forms 
communities  with  mountain  brush  species 
and  with   low   sagebrush   (A.   arbuscula)   on 


4  r 


CM    2  - 


OAK  CITY 


-  1.0 


0.5 


CM     2 


J     FMAMJ    J    ASOND 


SCIPIO 


ni.5 


1.0 


J  FMAMJJASOND 

Fig.  2  Average  monthly  precipitation  at  Oak  City  and 
Scipio. 

slopes  and  in  canyons  over  much  of  the 
middle  and  upper  elevations  of  the  area. 
Vasey  sagebrush-grass  communities  are  quite 
limited.  They  are  mostly  at  the  upper  eleva- 
tions in  small  areas  of  concave  topography. 

Black  sagebrush  forms  communities  on 
convex  topography  with  juniper,  cliffrose 
{Cowania  mexicana),  and  bluebunch  wheat- 
grass  {Agropyron  spicatum)  within  the  pin- 
yon-juniper zone.  Occasionally  it  is  common 
up  in  the  mountain  brush  zone,  but  in  this 
zone  it  is  usually  restricted  to  limestone. 

Basin  big  sagebrush  (A.  tridentata  ssp.  tri- 
dentata) communities  are  restricted  mostly  to 
deep  alluvial  soils  along  drainages  at  the 
lower  elevations  of  the  area. 

Low  sagebrush  forms  communities  of  con- 
siderable size  with  various  xeric  grasses  and 
forbs  on  convex,  windswept  slopes  and  ridges 
in  and  above  the  pinyon-jvmiper  zone. 

Aspen 

Aspen  [Populus  tremuloides)  is  quite  limit- 
ed in  the  Canyon  mountains,  and  the  stands 
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Fig.  3  Average  monthly  temperature  at  Oak  City 
(lined)  and  Scipio  (shaded). 

are  usually  rather  small.  These  commimities 
are  usually  found  along  drainages  and  on 
concave  slopes,  and  often  on  cool  exposures. 

Fir 

White  fir  {Abies  concolor),  sometimes  in  as- 
sociation with  Douglas-fir  (Pseudotsuga  men- 
ziesii)  forms  closed  communities  on  cool  ex- 
posures at  upper  elevations  of  the  Canyon 
Mountains. 

Plants  of  Unique  Habitats 

Plants  of  Aeolian  Sand 

The  following  plants  were  found  to  be  re- 
stricted, or  nearly  restricted,  to  wind-depos- 
ited sand:  Abronia  eUiptica,  Ambrosia 
acanthicarpa,  Amsinkia  intermedia.  Astra- 
galus ceramicus,  Chrysothamnus  nauseosus 
ssp.  turbinatus,  Cryptantha  circumscissa,  C. 
confertiflora,  Cyinopterus  fendleri,  Eriogo- 
num  keamey,  Grayia  spinosa,  Lupinus  brevi- 
caulis,  Nama  densuni,  Oenothera  pallida, 
Penstemon  angustifolia,  Prenanthella  exigua, 
Psoralea  lanceolata,  Rhus  trilobata,  Streptan- 
thella  longirosteris,  Townsendia  florifera,  and 
Triterocalyx  micranthus. 

Plants  of  Rocky  Places 

Much  of  the  mid  and  upper  elevations  of 
the  Canyon  Mountains  is  composed  of  mas- 
sive rock  outcrops.  The  outcrops  provide 
habitat  for  several  specialized  plants  that 
grow  mostly  in  rock  crevices  or  on  rock 
faces.   Among  these   specialized  plants  are: 


Cystopteris  fragilis,  Cryptantha  coynpacta, 
Epilobium  canum,  Erigeron  nauseosus.  Gera- 
nium parryi,  Haplopappus  watsonii,  Hetero- 
theca  villosa,  Heuchera  rubescens,  Lepidium 
montanum  var.  heterophylltim,  Macheran- 
thera  kingii  var.  barnebyi,  Pellaea  breweri, 
Petrophytum  caepitosurn,  Polystichum  sco- 
pulinum,  Sedum  debile,  Selaginella  watsonii, 
Sphaeromeria  diversifolia,  Solidago  spar- 
siflora,  and  Trifolium  andinum.  Other  plants 
that  occur  mostly  in  rocky  places  are:  Allium 
brandegii,  Echinocereus  triglochidiatus,  Epilo- 
bium nevadense,  Eriogonum  brevicaule,  Pet- 
radoria  pumila,  Potentilla  glandulosa,  Silene 
douglasii,  and  Xanthocephahwi  petradoria. 

Plants  of  Old  Lake  Deposits 
above  the  Sevier  River 

Lacustrine  deposits  of  old  Lake  Bonneville 
above  the  Sevier  River  at  the  north  edge  of 
the  area  provide  some  of  the  most  unusual 
habitat  of  the  area.  These  deposits  are  saline, 
or  alkaline  and  seleniferous  in  places.  Several 
plants  of  salt-desert  shrub  regions  enter  the 
area  on  these  deposits,  including:  Atriplex 
con ferti folia,  A.  falcata,  Kochia  americana 
,Sarcobatus  vermiculatus,  and  Thelypodium 
sagittatum.  Other  plants  on  these  deposits, 
and  apparently  nowhere  else  in  the  area,  are: 
Astragalus  bisulcatus,  A.  calycosus,  Hedysa- 
rum  boreale,  Hymenoxys  cooperi,  Penstemon 
confusus,  and  Stanley  pinnata. 

New  Tax a 

Macheranthera  kingii  var.  barnebyi  and 
Xanthocephalum  petradoria  have  been  de- 
scribed from  collections  taken  from  the  Can- 
yon Mountains  during  this  study.  Collections 
referred  to  here  as  Geranium  parryi  may  be 
worthy  of  varietal  distinction,  and  those  re- 
ferred to  as  Lesquerella  occidentalis  will 
likely  be  described  as  something  new  (pers. 
comm.  from  Reed  C.  Rollins,  Asa  Gray  pro- 
fessor emeritus  of  systermatic  botany,  Har- 
vard University). 

Range  Extension 

Anemone  tuberosa.  Disjunct  by  about  150 
km  (93  mi)  northeast  from  near  the  Desert 
Experimental  Range  in  Beaver  and  Millard 
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counties,  and  about  140  km  (87  mi)  south  of  a 
remarkable  collection  (B.  Albee  2288)  from 
Stansbury  Island. 

CryptantJm  cornpacta.  Previously  known 
only  from  Western  Millard  County. 

Cijmopterus  acaulis.  Collections  from  just 
south  of  Oak  City  apparently  represent  the 
southernmost  extent  of  the  species  in  the 
Great  Basin.  These  may  represent  a  new 
variety. 

Epilobium  nevadense.  Range  extension  of 
230  km  (143  mi)  from  Beaver  Dam  moun- 
tains of  Washington  County. 

Penstemon  leonardii.  Range  extention  of  60 
km  (37  mi)  from  Mt.  Nebo,  Juab  County. 

Polystichum  scopulinwn.  Third  known  lo- 
cation for  Utah,  previously  reported  for  Salt 
Lake  and  Washington  counties  (Cronquist  et 
al.  1972). 

Trifolium  andinitrn.  Third  known  location 
for  Utah,  previously  reported  for  north  slope 
of  the  Uinta  Mountains,  Daggett  County,  and 
Navajo  Mountain,  Kane  County  (Welsh 
1978),  about  275  km  (171  mi)  from  either  of 
these  locations. 

The  Checklist 

The  checklist  is  arranged  alphabetically  by 
family,  genus,  and  species  without  regard  for 
phylogenetic  order.  Nomenclature  mostly 
follows  that  of  Welsh  et  al.  (1981).  The  list  is 
primarily  based  on  collections  and  observa- 
tions that  I  made  during  1980,  1981,  and 
1982.  A  very  limited  herbarium  search  was 
made  to  find  a  few  expected  taxa  for  which  I 
had  no  records.  Unless  otherwise  designated, 
the  collections  numbers  are  mine.  Taxa  for 
which  no  collection  numbers  are  given  were 
observed  but  not  collected.  The  most  com- 
plete set  of  specimens  are  deposited  at  Brig- 
ham  Young  University,  Provo,  Utah  (BRY). 
Many  other  specimens  were  also  deposited 
at:  Intermountain  Forest  and  Range  Experi- 
ment Station,  Shrub  Sciences  Laboratory, 
Provo,  Utah  (SSLP);  New  York  Botanical 
Garden,  New  York,  New  York  (NY);  Region 
Four,  Forest  Service,  Ogden,  Utah  (OGDF); 
Supervisors  Office,  Fishlake  National  Forest, 
Richfield,  Utah;  and  at  Garrett  Herbarium, 
University  of  Utah,  Salt  Lake  City,  Utah 
(UT). 


The  Flora 

A  total  of  65  families,  244  genera,  440  spe- 
cies, and  26  infraspecific  taxa  are  listed.  Of 
the  species,  20%  are  in  Asteraceae.  Poaceae, 
Brassicaceae,  Fabaceae,  Rosaceae,  and  Scro- 
phulariaceae  each  contain  10%,  8%,  6%,  5%, 
and  4%  of  the  taxa,  respectively.  Chenopo- 
diaceae,  Polemoniaceae,  Polygonaceae,  and 
Ranunculaceae  each  contain  about  3%  of  the 
species.  Apiaceae,  Cyperaceae,  and  Ona- 
graceae  each  have  about  2%  and  the  remain- 
ing 52  families  each  have  less  than  2%. 

Literature  Cited 

Cronquist,  A.,  A.  H.  Holmgren,  N.  H.  Holmgren,  and 
J.  L.  Reveal.  1972.  Intermountain  flora.  Vol.  1. 
Hafner  Publishing  Co.  Inc.,  New  York.  270  pp. 

Cronquist,  A.,  A.  Holmgren,  N.  H.  Holmgre.n,  J.  L. 
Reveal,  and  P.  K.  Holmgren.  1977.  Inter- 
mountain flora.  Vol.  6.  Columbia  Univ.  Press, 
New  York.  584  pp. 

Graham,  E.  H.  1937.  Botanical  studies  in  the  Uinta  Ba- 
sin of  Utah  and  Colorado.  Ann.  Carnegie  Mu- 
seum 26:1-4.32. 

Harris,  J.  G.  1980.  A  vascular  flora  of  the  San  Rafael 
Swell,  Utah.  Unpublished  thesis,  Brigham  Young 
Univ.,  Provo,  Utah.  173  pp. 

Lewis,  M.  E.  1970.  Alpine  rangelands  of  the  Uinta 
Mountains.  USDA  Forest  Service.  Mimeo.  75  pp. 

1971.  Flora  and  major  plant  communities  of  the 

Rubv-East  Humboldt  Mountains.  USDA  Forest 
Service.  Mimeo.  62  pp. 

1973.  Wheeler  Peak  area  species  list.  USDA  For- 
est Service.  Mimeo.  17  pp. 

Linsdale,  M.  a.,  J.  T.  Howell,  and  J.  M.  Linsdale. 
1952.  Plants  of  the  Toiyabe  Mountains  area,  Ne- 
vada. Wasmann  J.  Biol.' 10;  129-200. 

McMillan,  C.  1948.  A  taxonomic  and  ecological  study 
of  the  Deep  Creek  Mountains  of  central  western 
Utah.  Unpublished  thesis.  Univ.  of  Utah,  Salt 
Lake  City,  Utah.  99  pp. 

Neese,  E.  J.  1981.  A  va.scular  flora  of  the  Henry  Moun- 
tains, Utah.  370  pp. 

Ptrrvr,  S.  J.,  Jr.  1950.  Floristic  and  ecological  features 
of  the  Raft  River  Mountains  of  Northwestern 
Utah.  Unpublished  thesis.  Univ.  of  Utah,  Salt 
Lake  City,  Utah.  86  pp. 

Welsh,  S.  L.  1957.  An  ecological  survey  of  the  vegeta- 
tion of  the  Dinosaur  National  Monument,  Utah. 
Unpublished  thesis.  Brigham  Young  Univ.  Provo, 
Utah.  86  pp. 

1978.  Utah  flora:  Fabaceae  (Leguminosae).  Great 

Basin  Nat.  38:225-367. 

1980.  Utah  Flora:  Malvaceae.  Great  Basin  Nat. 

40:27-37. 

1980.  Utah  flora:  Miscellaneous  families.  Great 

Basin  Nat.  40:38-57. 

1982.  Utah  flora:  Rosaceae.  Great  Basin  Nat. 

42:1-44. 


282 


Great  Basin  Naturalist 


Vol.  44,  No.  2 


Welsh,  S.  L.,  and  J.  L.  Revel.  1977.  Utah  flora:  Brassi- 
caceaae  (Cruciferae).  Great  Basin  Nat. 
37:279-.3&4. 

Welsh,  S.  L.,  N.  D.  .'Vtwood,  S.  Goodrich,  E.  Neese, 
K.  H.  Thorne,  and  B.  Albee.  1981.  Preliminary 
index  of  Utah  vascular  plant  names.  Great  Basin 
Nat.  41:1-108. 


Species  List 

Aceraceae 

Acer  glabrum  Torr.  Occasional  on  slopes,  mostly 
within  moiuitain  brush  and  aspen  communities. 
May-June.  14359,  16843. 

Acer  grandidentatum  Nutt.  in  T.  &  G.  Occasional  to 
locally  common  along  major  drainages.  May-June. 
10427,  15317,  17360;  Welsh  16424. 

Amaranthaceae 

Amaranthtis  albus  L.  Seen  at  the  mouth  of  Oak 
Creek  Canvon  in  a  hurnedover  cottonvvood-willow-oak 
community.  Jime-October.  17320. 

Amaranthtis  graecizans  L.  Introduced  from  the  Old 
World,  adventive  with  disturbance,  an  early  succession 
plant  on  chared  ground  where  slash  piles  from  pinyon- 
juniper  chainings  have  been  burned.  June-July.  14111. 

.\nacardiaceae 

Rhus  glabra  L.  Infrequent  along  ephemeral  drainages 
of  lower  Eightmile  Creek  in  the  pinyon-juniper  zone. 
June-July.  14114,  14239. 

Rhus  trilobata  Nutt.  in  T.  &  G.  Locally  common  to 
abundant  on  aeolian  sand  in  and  below  the  pinyon-juni- 
per zone,  infrequent  elsewhere.  May-June.  13779, 
14240. 


Apiaceae 

Cymopterus  acatdis  (Pursh)  Raf.  Infrefjuent  on  aeo- 
lian sand  along  the  west  edge  of  the  area  in  pinyon-juni- 
per communities.  April-May.  1.5279,  1531 1',  15313, 
15404. 

Cymopterus  purpurascens  (Gray)  Jones.  Infrequent 
on  sandy-clay  deposits  of  old  Lake  Bonneville  above  the 
Sevier  River  at  the  extreme  north  limit  of  the  area,  rare 
in  the  pinyon-juniper  zone  elsewhere  in  the  area. 
March-May.  138.38,  13852,  1,5272;  Welsh  16420. 

Lomatium  dissectum  (Nutt.)  Math.  &  Const,  var.  ea- 
tonii  (Coult.  &  Rcse)  Gronq.  Infrequent  in  oak  and  oak- 
maple-white  fir  commimities.  Mav-June.  14199,  15324, 
15605. 

Lomatium  foeniculaceum  (Nutt.)  Coult.  &  Rose  var. 
macdougalii  (Coult.  &  Rcse)  Cronq.  Occasional  to  com- 
mon in  sagebrush-juniper,  and  low  sagebrush  commu- 
nities. Mav-June.  13781,  13847,  1.3894,  13902,  13909, 
1.39.32,  13933,  15378;  Welsh  14605. 

Lomatium  grayi  Coult.  &  Rose.  Occasional  to  com- 
mon in  pinyon-juniper,  sagebmsh,  and  mountain  brush 
commimities,  mostly  on  quartzite,  but  also  on  limestone. 
May-June.  13976,  14020,  14365,  15287,  15325,  15391, 
15553,  1.5559;  Foster  6538;  Welsh  16.397,  16410,  16598. 


Some  plants  of  the  Canyon  Moimtains  are  transitional 
from  var.  grayi  to  var.  depaupcratiim  (Jones)  Mathias. 

Lomatium  macrocarpum  (H.  &  A.)  Coult.  &  Rose.  In- 
frequent to  occasional  in  sagebrush-juniper,  pinyon-juni- 
per, and  mountain  brush  communities.  April-June. 
14082,  14208,  15286,  15.5.50,  15632. 

Orogenia  linearifolia  Wats.  Infrequent  to  locally 
common  in  various  plant  communities  above  the  pin- 
yon-juniper zone.  May-June  (July  at  the  edge  of  melting 
snowbanks).  14.3,54A,^5394;  Welsh  164.32.  ' 

Osmorhiza  chilensis  H.  &  A.  Occasional  to  locally 
common  in  aspen,  fir,  and  oak-maple  communities  on 
canyon  bottons.  May-June.  14326.  15586. 

Osmorhiza  occidentalis  (Nutt.)  Torr.  Locally  common 
in  mesic  mountain  brush  and  aspen  communities. 
June-July.  14314,  1.5800. 

.\p6cynaceae 

Apocynum  androsaemifolium  L.  Locally  common  in 
Oak  Creek  Canyon,  apparently  rather  rare  elsewhere, 
mountain  brush  communities.  Jidy-.\ugust.  15791, 
17312;  Foster  6552. 

Asclepiadaceae 

Asclepias  aspertda  (Dene.)  Woodson.  Infrequent  in 
sagebrush  and  pinyon-juniper  communities.  June-July. 
14282. 

Asclepias  speciosa  Torr.  Seen  at  a  single  location  in  a 
chainedover  pinvon-juniper  woodland  between  Church 
and  Canvon  mountains.  fune-Julv.  14133. 

.Asteraceae 

Achillea  millefolium  L.  Occasional  in  various  plant 
communities  over  a  wide  elevational  range. 
June-September.  14297;  Fo.ster  6.534. 

Agoseris  aurantiaca  (Hook.)  Greene.  Seen  only  at 
East  Fork  Eightmile  Canyon,  with  oak  and  sagebrush. 
June.  14010. 

Agoseris  glauca  (Pursh)  Raf.  Common  in  several  plant 
communities  over  a  wide  elevational  range.  Mav-June. 
13792,  13803,  13928. 

Ambrosia  acanthicarpa  Hook.  Locally  common  to 
abundant  on  sandy  ground,  mostly  in  and  below  the  pin- 
yon-juniper zone.  August-September.  16391. 

Antennaria  dimorpha  (Nutt.)  T.  &  G.  Occasional  to 
locally  common  in  pinvon-jimiper  and  sagebrush  com- 
munities. Late  April-June.  13768A,  13786,  15.380. 

Aritennaria  microphylla  Rydb.  Occasional  and  locally 
common  in  various  plant  communities.  Mav-July. 
14005. 

Antennaria  parvifolia  Nutt.  Seen  only  at  the  head  of 
Dry  Creek  in  a  snowbank  area  adjacent  to  a  fir  commu- 
nity. June-July.  17237. 

Arnica  cordifolia  Hook.  Occasional  in  white  fir  and 
Douglas-fir  communities.  June.  15612,  15617. 

Artemisia  arhuscula  Nutt.  .\bundant  to  dominant  on 
exposed  slopes  and  ridges  at  the  upper  edge  of  and 
above  the  pinvon-jiuiiper  zone.  .\ugust-September. 
15130,  15254,  16457,  16466. 

Artemisia  dracunculus  L.  Collected  at  the  mouth  of 
Lyman  Canyon  in  Oak  Creek.  Sagebrush  community. 
August-October.  17961. 
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Artemisia  ludoviciana  Nutt.  var.  incompta  (Nutt.) 
Cronq.  Occasional  at  the  upper  edge  and  above  the  pin- 
yon-juniper  zone,  usually  in  rocky  places.  Au- 
gust-October. 15136,  15137,' 16461. 

Artemisia  ludoviciana  Nutt.  var.  ludoviciana.  Occa- 
sional along  drainages  and  in  rocky  places  mostly  in  the 
pinvon-juniper  zone.  .'\ugnst-October.  1490,  15245. 

Artemisia  nova  A.  Nels.  Abundant  to  dominant  on 
shallow  rocky  .soils  on  slopes  and  ridges  in  and  below  the 
pinvon-juniper  zone,  and  occasionally  extending  to  the 
upper  edge  and  perhaps  above  this  zone,  especially  on 
limestone.  September-October.  15148,  15233,  15292, 
16467. 

Artemisia  tridentata  Nutt.  ssp.  tridcntata.  .\bundant 
to  dominant  on  deep  alluvial  soils  of  drainage  ways  in 
and  below  the  pinvon-juniper  zone.  Septem- 
ber-October. 16380. 

Artemisia  tridetitata  Nutt.  ssp.  vaseyana  Beetle. 
Common  to  abundant  over  much  of  the  area  near  the 
lower  fringe  of  the  juniper  zone,  to  the  crest  of  canyon 
range,  in  many  plant  commimities;  most  common  and 
sometimes  the  dominant  plant  on  concave  positions  of 
slopes.  September-October.  16454,  16455,  16458. 

Artemisiac  tridentata  Nutt.  ssp.  wyomingensis  Beetle 
&  Young.  Common  to  dominant  on  soils  with  a  hardpan 
of  some  tvpe  from  about  30  to  55  cm  (12  to  22  inches) 
below  the  surface,  mostly  below  the  pinyon-juniper  zone 
and  most  common  bevond  the  boiuidary  of  the  area, 
such  as  in  Little  Vallev.  September. 

Aster  perelegans  Nels.  &  Macbr.  Occasional  to  very 
locally  common  in  mountainbrush  communities. 
July-September.  14924,  17354,  17953,  17957. 

Aster  wasatchensis  (Jones)  Blake.  Seen  at  only  a  few 
stations  among  rocks  near  the  crest  of  the  range.  .Au- 
gust-September. 15135. 

Balsamorhiza  saggittata  (Pursh)  Nutt.  Abundant  on 
open  slopes,  with  big  sagebrush  and  Gambel  oak,  domi- 
nant understory  plant  in  curlleaf  mountain  mahogany 
communities,  and  sometimes  in  other  communities  in 
and  above  the  pinvon-juniper  zone.  Late  May-June. 
14034,  15381. 

Brickellia  californica  (T.  &  G.)  Gray.  Seen  on  slopes 
above  Wide  Canyon,  southeast  exposure  of  outcrop  of 
Precambrian  quartzite,  moinitain  brush  community. 
16462. 

Brickellia  grandiflora  (Hook.)  Nutt.  Occasional  to  lo- 
cally connnon  in  rocky  places  in  mountain  brush  com- 
nuinities.  Julv-September.  14430,  14926. 

Brickellia  microphylla  (Nutt.)  Gray.  Seen  only  at  a 
single  station  near  the  southern  limit  of  the  area  in 
cracks  of  rocks  within  a  black  sagebrush-bluebunch 
wheatgrass  connnunitv.  Julv-September.  15232. 

Chaenactis  douglasii  (Hook.)  H.  &  A.  Occasional  in 
many  plant  communities  throughout  the  area. 
May-June.  13901,  13916,  13938,  13951,  14084. 

Chrysothamnus  greenei  (Gray)  Greene.  Collected 
from  adjacent  to  the  area  in  the  Clay  Springs  drainage 
from  aeolian  sand.  August-September.  15249. 

Chrysothamnus  nauseosus  (Pallus)  Britt.  ssp.  holo- 
leucus  (Gray)  H.  &  C.  Apparently  uncommon  in  moun- 
tain bnisii  and  Vasev  sagebrush  comnnmities.  16459, 
17960. 

Chrysothamnus  nauseosus  (Pall.)  Britt.  ssp.  graic- 
olens  (Nutt.)   Piper.   Common   to  abundant,   especially 


along  drainages  in  sagebrush  and  pinvon-juniper  com- 
munities. August-October.  16.381,  16.382,  16385. 

Chrysothamnus  nauseosus  (Pall.)  Britt.  ssp.  turbi- 
natus  (Jones)  H.  &  C.  Abundant  on  aeolian  sand  in  and 
below  the  pinvon-juniper  zone  along  the  west  side  of  the 
area,  mostlv  outside  the  boundary.  August-September. 
16386,  17963. 

Chrysothamnus  viscidiflorus  (Hook.)  Nutt.  ssp.  pub- 
erulus  (D.C.  Eaton)  H.&  C.  Common  to  abundant  in 
pinvon-juniper  and  sagebrush  communities,  mostly  on 
slopes  and  ridges.  Juiy-August.  14306,  14947,  15149, 
15234. 

Chrysothamnus  viscidiflorus  (Hook.)  Nutt.  ssp.  vis- 
cidiflorus. Occasional  at  the  south  end  of  the  area  and 
perhaps  elsewhere  in  juniper  and  vasey  sagebrush 
communities. 

Cirsium  neomexicanum  Gray.  Occasional  to  locally 
common  in  sagebrush  and  juniper  communities. 
June-August.  16876,  17133. 

Cirsium  vulgare  (Savi)  Ten.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground,  many  plant  com- 
nnmities. Jime-Julv.  Seen  but  not  collected. 

Cirsium  wheeleri  (Gray)  Petrak.  Occasional  in  Gam- 
bel oak  communities.  July.  15792,  17311. 

Conza  canadensis  (L.)  Cronq.  Seen  at  the  mouth  of 
Oak  Creek  Canyon  and  upper  Lyman  Canyon  in 
burnedover  cottonwood-willow-oak  and  mountain  brush 
communities.  May-September.  17325,  17952. 

Crepis  acuminata  Nutt.  Occasional  in  Vasey  sage- 
brush, pinyon-juniper,  and  mountain  brush  commu- 
nities. June'.  14036,  14083,  15634. 

Crepis  modocensislo  Greene.  Infrequent  in  mountain 
brush  and  low  sagebrush  communities.  Jinie-July.  14011, 
14365. 

Crepis  occidentalis  Nutt.  Occasional  in  pinyon-juni- 
per and  mountain  brush  communities.  June.  13925, 
14037,  14132, 14172. 

Erigeron  aphanactis  (Gray)  Greene.  Collected  at  a 
single  station  at  the  north  end  of  the  Canyon  Mountains. 
Common  just  east  of  the  area.  June.  14045. 

Erigeron  argentatus  Greene.  Seen  at  the  divide  be- 
tween Oak  and  Little  Oak  Creeks  on  rocky  ridge  with 
curlleaf  mountain  mahogany;  also  seen  adjacent  to  the 
area  on  deposits  of  old  Lake  Bonneville  above  the  Sevier 
River  in  Mills  Valley.  14331. 

Erigeron  divergens  T.  &.  G.  Occasional  in  oak  and 
sagebrush  communities,  often  along  canyon  bottoms, 
and  perhaps  adventive  on  distiubed  ground.  June-July. 
14017,  14432,  15239,  15820,  16874;  Foster  6535. 

Erigeron  eatonii  Gray.  Occasional  in  various  plant 
communities  above  the  pinvon-juniper  zone.  14029, 
14356,  15373,  15556,  15608,  17238;  Foster  6529. 

Erigeron  engelmanii  A.  Nels.  Occasional  in  juniper- 
sagebrush  communities.  Mav-June.  13770,  13794,  13818, 
1.3846,  14109,  16824. 

Erigeron  flagellaris  Gray.  Occasional  along  canyon 
bottoms  with  narrowleaf  cottonwood,  oak,  and  maple. 
June-July.  14291,  14295;  Welsh  et  al.  17439. 

Erigeron  nauseosus  (Jones)  Cronq.  Occasional  in 
rockv  places,  often  on  faces  of  rock  outcrops,  usually  in 
mountain  brush  communities.  June-August  and  to  Octo- 
ber, with  sufficient  fall  moisture.  15242,  15589,  15596, 
15626,  15795,  16083,  16465;  Foster  6531. 

Erigeron  speciosus  (Lindl.)  DC.  Occasional  to  locally 
common  in  mountain  brush  and  aspen  communities. 
Julv-August.  14923,  17353,  17955. 
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Gnaphaliiim  palustre  Nutt.  Seen  only  at  East  Fork 
Eiglitniile  Creek  alont;  canyon  bottom  with  oak,  narrow- 
leaf  Cottonwood,  and  white  fir.  July.  14448. 

Haplopappus  acaulis  (Nutt.)  Gray.  Occasional  to  lo- 
cally common  rocky  exposed  slopes  and  ridges  in  pin- 
yon-juniper  and  mountain  brush  and  low  sagebrush 
communities;  perhaps  most  common  in  the  northern 
half  of  the  Canvon  Moimtains.  May-June.  15366,  16841. 

Haplopappus  armerioides  (Nutt.)  Gray.  Seen  only 
near  or  along  the  divide  between  Weetches  Canyon  and 
Dry  Canyon  among  rocks  and  ledges  in  mountain  brush 
and  white  fir-Douglas-fir  communities.  June-July. 
15796,  15810. 

Haplopappus  watsonii  Gray.  Widespread  and  com- 
mon throughout  the  Canyon  Mountains  in  cracks  of  rock 
outcrops  at  the  upper  edge  of  the  pinyon-jimiper  zone 
to  near  the  crest  of  the  mountains.  August-October.  In- 
tergrading  into  H.  njdbergii  Blake  in  Tidestr.  14930, 
15132,  15140,  15236,  15241,  15244,  15251,  16081,  16460, 
16464,  17951. 

Helenthella  uniflora  (Nutt.)  T.  &  G.  Occasional  in 
mountain  bnish  communities.  June-August.  14431. 

Helianthus  annus  L.  Adventive  on  disturbed  groimd 
usually  in  and  below  the  pinvon-juniper  zone.  15640, 
16383. 

Heliomeris  multiflora  Nutt.  Occasional  in  rocky 
places  in  mountain  brush  communities.  .August- 
September.  14931,  15824. 

Hymenopappus  filifoliits  Hook.  Occasional  in  pinyon- 
juniper  communities,  infrequent  in  dry  mountain  brush 
communities.  Late  Mav-June.  13919,  13950,  14098, 
14180;  Foster  6544;  Welsh  17025. 

Htjmenoxtjs  acaulis  (Pursh)  Parker.  Occasional  in 
juniper  conuuunities,  locally  common  in  low  sagebrush 
communities.  May-June.  13947,  15397. 

Hymenoxys  cooperi  (Gray)  Cockerell.  Occasional  on 
old  Lake  Bonneville  deposits  of  sandy  clay  above  the  Se- 
vier River  at  the  extreme  northern  limit  of  the  area. 
May-June.  13835. 

Iva  axillaris  Pursh.  Infrequent  in  various  plant  com- 
munities, usuallv  in  and  below  the  pinvon-jimiper  zone. 
June-July.  14088. 

Layia  ^landidosa  (Hook.)  H.&  A.  Seen  only  on  sandy 
ground  in  the  Clay  Springs  Wash  in  juniper-sagebrush 
communities.  May-June.  14159,  15309,  15566. 

Lactuca  serriola  L.  Introduced  from  the  Old  World, 
adventive  on  disturbed  ground  and  locally  common  on 
charred  ground  where  piles  of  pinyon  and  juniper  slash 
have  been  b\inied  after  chaining.  Jime-July. 

Leucelene  ericoides  (Torr.)  Greene.  Occasional  to  lo- 
cally common  in  sagebrush-juniper  conuuunities.  June. 
14039. 

Lygodestnia  grandiflora  (Nutt.)  T.  &  G.  Occasional  in 
sagebrush-juniper  communities,  usually  on  .sandy  soil; 
.seen  onlv  at  the  southwest  part  of  the  area.  May-June. 
14127;  Fo.ster  6550. 

Macheranthera  canescens  (Pursh)  Gray.  Occasional  in 
manv  plant  communities.  August-October.  14938, 
15129,  15243,  16389,  17956. 

Macheranthera  grindelioides  (Nutt.)  Shinners.  Seen  at 
the  divide  between  Oak  and  Little  Oak  creeks,  on  rocky 
ridge  with  curlleaf  moimtain  mahogany;  common  adja- 
cent to  the  area  on  old  river  deposits  above  the  Sevier 
River  on  hills  between  Little  Vallev  and  Mills  Valley. 
June-July.  14330. 


Macheranthera  kingii  (D.C.  Eaton)  Cronq.  &  Keck 
var.  harnebyi  Welsh  &  Goodrich.  Infrequent  to  locally 
common  in  crevices  of  cliffs  and  ledges  of  precambrian 
quartzite  from  mountain  brush  zone  to  the  crest  of  the 
Canyon  Mountains.  August-September.  14929,  14933, 
15133,  15134. 

Malacothrix  torreyi  Gray.  Infrecjuent  in  juniper-sage- 
brush coiumimities.  June.  14149. 

Microseris  nutans  (Geyer)  Schultz-Bip.  Occasional  to 
locally  common  in  oak  communities.  June.  14012. 

Perityle  stanshuryi  (Gray)  Macbr.  Seen  only  near  the 
northern  limit  of  the  area  on  a  limestone  outcrop  with 
scattered  jvmiper  and  black  sagebrush.  June.  15638. 

Petradoria  pumila  (Nutt.)  Greene.  Common  to  abun- 
dant on  rocky  exposed  slopes  and  ridges  in  low  sage- 
brush, pinyon-juniper,  and  mountain  brush  commu- 
nities; infrequent  in  nonrocky  areas.  June-August. 
14100,  14182,  14.321,  14324;  Welsh  et  al.  17451. 

Senecio  douglasii  DC.  A  single  large  plant  found 
along  a  roadside  at  the  south  end  of  the  Canyon  Moun- 
tains. Julv-September.  17364. 

Senecio  integerrimus  Nutt.  Occasional  to  locally  com- 
mon in  Vasev  sagebrush  and  moimtain  brush  commu- 
nities. May-June.  15384. 

Senecio  multilobatus  T.&  G.  ex  Gray.  Occasional  in 
many  plant  comnumities  over  a  wide  elevational  range. 
May- August.  13981,  14116,  15692,  16840. 

Senecio  streptanthifolius  Greene.  Seen  on  Blue 
Moimtain  and  in  Hardscrabble  Canyon,  pinyon-juniper 
and  mountain  brush  communities.  June.  15555,  168408. 

Solidago  sparsiflora  Gray.  Occasional  to  locally  com- 
mon on  rock  outcrops  in  the  moimtain  brush  zone.  Au- 
gust-September. 14437,  14925,  14934,  15138,  15237, 
16085,  17359,  17950. 

Sonchus  asper  (L.)  Hill.  Introduced  from  the  Old 
World,  more  or  less  weedy;  seen  only  once  at  Eightmile 
Ditch,  disturbed  ground.  June-September.  16875. 

Sphaeromeria  diversifolia  (D.C.  Eaton)  Rydb.  Occa- 
sional to  locally  common  in  crevices  of  ledges  and  cliff, 
usually  above  the  pinyon-juniper  zone.  Jidy-September. 
14322',  14349.  14935,  15139,  16082. 

Stephanortieria  exigua  Nutt.  Infrequent  or  locally 
common  on  sandy  ground  (often  stabilized  dunes)  in  the 
pinyon-jimiper  zone.  June.  14223,  14232;  Foster  6549. 

Taraxacum  officinale  Weber  in  Wiggers.  Introduced 
froiu  the  Old  World,  adventive  on  disturbed  ground  usu- 
allv in  and  below  the  pinyon-juniper  zone. 
May-October.  13905. 

Tetradymia  canescens  DC.  Occasional  in  sagebrush, 
pinvon-juniper,  and  dry  mountain  brush  communities. 
June-August.  14948. 

Townsendia  florifer  (Hook.)  Gray.  Seen  at  two  sta- 
tions in  Clav  Springs  Wash  on  aeolian  sand.  Mav-June. 
14151,  14226. 

Tragopogon  dubius  Scop.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground  and  in  various  in- 
digenous plant  communities.  June.  13963. 

Wyethia  amplexicaulis  (Nutt.)  Nutt.  Seen  only  in 
Fool  Creek  drainage  where  locally  abundant  in  sage- 
brush-mountain brush  communities.  May-June.  15623. 

Xanthocephalum  strumarium  L.  Collected  along 
Highway  132  at  the  north  edge  of  the  area.  Au- 
gust-September. 17964. 

Xanthocephalum  petradoria  Welsh  &  Goodrich.  Lo- 
cally common  on  rocky  slopes  and  ridges,  mostly  in  the 
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mountain  bnish   zone.  August-October.    14928,    15127, 
151:31,  15145,  15240,  15256,  15257,  16080. 

Xanthocephalum  sarothrae  (Pursh)  Shinners.  Com- 
mon to  abundant  in  pinyon-juniper  comnnmities  espe- 
cially on  shallow  soils;  infrequent  to  occasional  in  many 
other  plant  comminiities;  adventive  on  disturbed 
ground.  August-October.  14943,  15128. 

Berberidaceae 

Mahonia  repens  G.  Don.  Occasional  in  mountain 
iinish  and  aspen  communities.  April-May.  13725;  Welsh 
16401. 

Boraginaceae 

Amsinckia  intermedia  Fisch.  &  Mey.  Seen  only  at 
two  stations  on  aeolian  sand  along  the  south  and  west 
sides  of  the  Canvon  Mountains.  May-June.  15310; 
Welsh  16590. 

Cryptantha  compacta  Higgins.  Occasional  in  rocky 
places  along  the  crest  of  the  Canyon  Mountains. 
June-July.  14364,  15554,  15607. 

Cryptantha  circumscissa  (H.  &  A.)  Johnst.  Infrequent 
or  occasional  on  aeolian  sand;  seen  only  at  the  south  and 
west  edge  of  the  area  in  and  below  the  pinyon-jimiper 
zone.  May-June.  14118,  14152. 

Cryptantha  confertiflora  (Greene)  Payson.  Seen  at 
only  one  location  at  the  extreme  western  limit  of  the 
area  on  aeolian  sand,  in  a  juniper  community.  June. 
15314. 

Cryptantha  flavoculata  (A.  Nels.)  Payson.  Occasional 
to  common  in  upper  pinyon-juniper  and  movmtain  brush 
communities,  particularly  with  curlleaf  mountain  ma- 
hogany. May-June.  14166,  15362,  15560. 

Cryptantha  gracilis  Osterh.  Occasional  to  frequent  in 
sagebnish  and  pinvon-juniper  communities.  May-June. 
13895,  14157,  15689. 

Cryptantha  humilis  (Gray)  Payson.  Occasional  to 
common  in  sagebnish  and  pinyon-juniper  conununities. 
May-June.  13767,  13836,  1.394,5,  15347;  Welsh  16417. 

Cryptantha  kelseyana  Greene.  Occasional  to  com- 
mon, sandy  ground  in  the  vicinity  of  Clay  Springs  Wash. 
May-June^  14153,  14224. 

Cryptantha  pterocarya  (Torr.)  Greene.  Occasional  to 
common  in  sagebnish  and  pinyon-juniper  communities. 
May-June.  13842,  14119. 

Cryptantha  watsonii  (Gray)  Greene.  Occasional  in 
pinyon-juniper,  mountain  brush,  and  sagebrush  commu- 
nities. May-June.  158.33. 

Cynoglossum  officinale  L.  Adventive  on  disturbed 
ground,  in  various  plant  communities.  June-July.  14215. 

Hackelia  patens  (Nutt.)  Johnst.  Seen  only  at  a  canyon 
on  south  side  of  Leamington  Canyon,  pinyon-juniper 
commimity.  May-June.  15361. 

Lappula  occidentalis  (Wats.)  Greene.  Occasional  in 
various  plant  communities.  May-June.  14124. 

Lithospermum  incistim  Lehm.  Occasional  to  common 
in  sagebnish  and  juniper  communities,  perhaps  most 
common  in  Church  Mountains.  May-June.  13766, 
13787,  1.3897.  Lithospermum  ruderale  Dougl.  ex 
Lehm.  Infrequent  in  various  plant  communities  over  a 
rather  wide  elevational  range.  June-July.  15625. 

Mertensia  oblongifolia  (Nutt.)  G.  Don.  Occasional  in 
upper  pinyon-juniper  and  mountain  bnish  communities. 
May-June.  14170,  15364,  15614. 


Brassicaceae 

Alyssum  alyssioides  L.  Introduced  from  Europe, 
somewhat  weedy  and  perpetuated  by  disturbance,  in 
and  below  the  pinyon-juniper  zone.  May-June.  14206. 

Alyssum  desertorum  Stapf.  Introdviced  from  the  Old 
World,  somewhat  weedy  and  perpetuated  by  disturb- 
ance, mostly  in  and  below  the  pinyon-juniper  zone. 
May-June.  1.3911. 

Arahis  drummondii  Gray.  Infrequent  in  various  plant 
communities,  mostly  in  and  above  the  oak  zone. 
May-June.  14362,  15.385;  Welsh  et  al.  17041,  17442. 

Arabis  glabra  (L.)  Bernh.  Collected  only  from  Oak 
Creek,  cottonwood-oak-maple  community.  May-July. 
17.363. 

Arabis  holboellii  Hornem.  Occasional  in  various  plant 
communities  over  a  wide  elevational  range.  May-June. 
13903,  15365;  Welsh  16593;  Welsh  et  al.  17440. 

Arabis  microphylla  Nutt.  Seen  at  a  single  station,  in 
cracks  of  rocks  in  Oak  Creek  Canyon.  May-June.  15319. 

Arabis  pendulina  Greene.  Occasional  and  locally 
common  in  cracks  of  rock  outcrops  and  on  windswept 
ridges  in  low  sagebrush  communities,  mostly  above  2285 
m  (7500  ft)  elevation.  May-June.  14.363,  15395,  15552, 
15591. 

Arabis  perennans  Wats.  Occasional  in  various  plant 
communities,  often  in  rocky  places.  May-June.  13840, 
14019,  15318,  15599;  Welsh  16400. 

Arabis  pulehra  Nutt.  in  T.  &  G.  Infrequent  or  occa- 
sional in  sagebrush  and  pinyon-juniper  communities. 
May-June.  Plants  of  the  area  are  referable  to  var.  miin- 
ciensis  Jones.  13789,  13801,  138.32. 

Camelina  microcarpa  Andrz.  Introduced  from  the 
Old  World,  adventive  on  disturbed  ground,  mostly  in 
and  below  the  pinvon-juniper  zone.  1.3913;  Welsh  16602. 

Caspella  bursa-pastoris  (L.)  Medic.  Introduced  from 
the  Old  World,  adventive  on  disturbed  ground,  mostly 
in  and  below  the  pinyon-juniper  zone.  May-June.  14440, 
15296;  Welsh  16429.' 

Cardaria  draba  (L.)  Desv.  Introduced  from  the  Old 
World,  adventive,  seen  only  at  a  few  locations  in  the 
area.  June.  15354. 

Chorispora  tenella  (Pallas)  DC.  Introduced  from  the 
Old  World,  adventive  on  disturbed  ground,  usually  in 
and  below  the  pinyon-juniper  zone.  May-June.  15297; 
Welsh  16428. 

Descurainia  californica  (Gray)  Schulz.  Infrequent  in 
aspen  and  fir  communities.  June-August.  17.352. 

Descurainia  pinnata  (Walt.)  Britt.  Adventive  on  dis- 
turbed ground,  in  various  plant  communities.  13793, 
13827,  13910.  13920;  Welsh  16588. 

Descurainia  sophia  (L.)  Webb  in  Engler  &  Prantl.  In- 
troduced from  the  Old  World,  adventive  on  disturbed 
ground,  mostly  in  and  below  the  pinyon-juniper  zone. 
13828. 

Draba  cuneifolia  Nutt.  ex  T.  &  G.  Infrequent  to  oc- 
casional in  pinyon-juniper  communities.  .\pril-June. 
13914,  1.3974,  14131,  15278,  15298,  15678. 

Draba  nemorosa  L.  Occasional  in  various  plant  com- 
munities usually  above  the  pinyon-juniper  zone. 
April-June.  13996,  14110,  1.5320,  15399;  Welsh  16414. 

Draba  reptans  (Lam.)  Fern.  With  the  distribution  of 
D.  cuniefolia  and,  except  that  the  upper  part  of  stems 
and  the  pedicels  glabrous,  not  different  from  D.  cunei- 
folia April-June.  13968A,  14207,  15298. 
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Erysismiim  aspenim  (Nutt.)  DC.  Occasional  in  many 
plant  coininunities  over  a  wide  elevational  range. 
May-June.  1.3769,  13791,  13817;  Welsh  16421. 

Ertjsismtim  repandttm  L.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground,  usually  in  and 
below  the  pinvon-juniper  zone.  13810,  13829;  Welsh 
lfv412. 

Lepidium  densiflorum  Schrad.  Seen  at  Eightmile 
Creek,  juniper  community,  along  an  ephemeral  drain- 
age. May-June.  14138. 

Lepidium  lasiocarpum  Nutt.  in  T.  &  G.  The  one 
specimen  seen  (Welsh  16596)  is  from  a  pinyon-juniper 
community  at  Leamington  Pass.  May-June. 

Lepidium  montanum  Nutt.  var.  heterophyUum 
(Wats.)  C.  L.  Hitchc.  Seen  only  at  Lyman  Canyon,  in 
cracks  of  rock  outcrops,  mountain  brush  community. 
June-July.  14316. 

Lepidium  montanum  Nutt.  var.  montanum  Occasion- 
al in  sagebrush  and  pinyon-jvmiper  commimities. 
May-June.  13827,  14095. 

Lepidium  perfoliatum  L.  Introduced  from  the  Old 
World,  adventive,  mostly  in  and  below  the  pinyon-juni- 
per zone.  May-June.  13830. 

Lesquerella  occidentalis  (Wats.)  Wats.  Locally  com- 
mon in  upper  Lyman  Canyon  on  a  massive  quartzite 
outcrop.  June.  16883,  17949.' 

Malcolmia  africana  (L.)  R.  Br.  in  Ait.  Introduced 
from  .Africa,  adventive  on  disturbed  ground,  usually  in 
and  below  the  pinyon-juniper  zone.  June.  13957A, 
14136. 

Physaria  chambersii  Rollins.  Occasional  to  common 
in  sagebnish,  pinyon-juniper,  and  dry  mountain  brush 
communities,  extending  to  near  the  crest  of  the  Canyon 
Mountains  on  limestone.  May-June.  137982,  13819, 
1.3936,  14097,  15396;  Foster  66.58. 

Sisymbrium  altissimum  L.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground,  usually  in  and 
below  the  pinyon-juniper  zone.  June-July.  14125. 

Stanleya  pinnata  (Pursh)  Britton.  Infrequent  on  de- 
posits of  Lake  Bonneville,  above  the  Sevier  River  at  the 
extreme  northern  limit  of  the  area,  on  seleniferous,  alka- 
line, sandy  clay  soil.  Mav-June.  14046. 

Streptanthella  longirostris  (Wats.)  Rydb.  Occasional 
on  aeolian  sand  in  sagebnish  and  juniper  communities. 
June.  14229. 

Streptanthus  cordatiis  Nutt.  ex  T.  &  G.  Occasional  to 
frequent  in  sagebnish  and  pinyon-juniper  communities, 
infrequent  in  mountain  bnish  communities.  May-Jiuie. 
13788,  13849,  13939,  13984,  15600;  Welsh  16603.' 

Thelypodium  sagittatum  (Nutt.)  Endl.  Occasional  on 
sandy  clay  deposits  of  old  Lake  Bonneville  above  the  Se- 
vier River  at  the  north  limit  of  the  area.  Mav-Jiuie. 
15353. 

Thlaspi  arvensis  L.  Introduced  from  the  Old  World, 
adventive  on  disturbed  areas.  Mav-June.  15572. 

Cactaceae 

Echinocereus  triglochidiatus  Engelm.  Occasional  in 
rocky  places,  usually  within  the  pinyon-juniper  zone. 
May-June.  1.5.363;  Foster  6542;  Welsh  16600. 

Opuntia  polyacantha  Haw.  Occasional  in  various 
plant  connnunities  except  mesic  mountain  brush,  aspen, 
and  fir.  June  17134;  Foster  6572. 


Capparidaceae 

Cleome  serrulata  Pursh.  Collected  from  along  High- 
way 132  at  the  north  edge  of  the  area.  Au- 
gust-September. 17967. 

Caprifoliaceae 

Sambucus  caertdea  Raf.  Infrequent  in  pinyon-juniper 
communities.  June-Julv.  14281;  Foster  6551. 

Symphoricarpos  oreophilus  Gray.  Occasional  to  com- 
mon in  Vasey  sagebrush,  aspen,  and  fir  communities. 
June-July.  14200,  1.5809. 

Caryophyllaceae 

Arenaria  kingii  (Wats.)  Jones.  Occasional  to  frequent 
in  pinyon-juniper,  sagebrush,  and  mountain  brush  com- 
munities. May-June.  139.34,  15.346. 

Arenaria  macradenia  Wats.  Locally  common  to 
abundant  in  mountain  brush  communities,  often  in 
rocky  places.  June- August.  14173,  14320,  15806,  15831; 
Welsh  et  al.  17450. 

Lychnis  drummondii  (Hook.)  Wats.  Seen  only  in  a 
Vasev  sagebrush  community  at  the  top  of  the  Canyon 
Mountains.  July.  14.334. 

Silene  antirrhina  (L.)  Desv.  Seen  in  a  juniper-black 
sagebrush  community  among  rocks.  May-June.  1535.5; 
Welsh  et  al.  17449a. 

Silene  douglasii  Hook.  Infrequent  in  rocky  places  in 
mountain  brush  and  white-fir  communities.  Late 
June-July.  14424,  15794,  17351. 

SteUaria  jamesiana  Torr.  Occasional  to  frequent  in 
mountain  brush,  aspen,  and  fir  connnunities.  May-July. 
13985. 

SteUaria  media  (L.)  Cyrill.  Introduced  from  the  Old 
World,  seen  only  in  Lyman  Canyon,  wet  ground  along  a 
small  stream  in  fir-snowberry  community. 
May-September.  17942. 

Celastraceae 

Forsellesia  nevadensis  (Gray)  Greene.  Infrequent  in 
rocky  places  in  the  pinyon-juniper  zone.  15359. 

Pachystima  myrsinites  (Pursh)  Raf.  Occasional  in 
mountain  brush,  aspen,  and  fir  communities.  May-June. 
13724,  14032,  14169,  16845. 

Chenopodiaceae 

Atriplex  confertifolia  (Torr.  &  Frem.)  Wats.  Occa- 
sional on  Lake  Bonneville  deposits  above  the  Sevier  Riv- 
er at  the  north  edge  of  the  area.  Mav-Jime. 

Atriplex  falcata  (Jones)  Standi.  Occasional  on  Lake 
Bonneville  deposits  of  .sandy  clay  above  the  Sevier  River 
at  the  north  limit  of  the  area.  Jime.  14048. 

Chenopodium  album  L.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground,  usually  in  and 
below  the  pinyon-juniper  zone.  July-.4ugust. 

Chenopodium  botrys  L.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground,  seen  in  the  area 
on  a  recent  rangeland  seeding  where  juniper  had  been 
chained.  July-.-\ugust.  14946. 


April  1984 


Goodrich:  Canyon  and  Church  Mountain  Plants 


287 


Chenopodium  capitatum  (L.)  Asch.  Adventive  on  dis- 
turbed ground  in  various  plant  communities  over  a  wide 
elevational  range.  June-Julv.  13993,  14347,  15827, 
17347. 

Gratjia  spinosa  (Hook.)  Moq.  in  DC.  Seen  onlv  at  the 
northern  limit  of  the  area  on  aeolian  sand.  Mav-June. 
1.3851. 

Halogeton  glomeratus  C.  A.  Meyer  in  Ledeb.  In- 
troduced from  the  Old  World,  adventive  on  disturbed 
ground,  u.sually  in  and  below  the  pinvon-juniper  zone. 
July-August.  14233. 

Kochia  americana  S.  Wats.  Occasional  on  Lake  Bon- 
neville deposits  of  sandy  clay  above  the  Sevier  River  at 
the  extreme  northern  limit  of  the  area.  Mav-June. 
13.S.37,  14047,  15639. 

Kochia  scoparia  (L.)  Schrad.  bitroduced,  weedv,  col- 
lected from  along  Highway  132  at  the  north  edge  of  the 
area.  August-September.  17965. 

Monnlepis  mittalliana  (Schult.)  Greene.  Occasional  in 
nianv  plant  communities  over  a  wide  elevational  range, 
usuall)'  on  disturbed  soil,  June-August.  1.3988,  14445. 

Salsola  ibcrica  Sennen  &  Pau.  bitroduced  from  the 
Old  World,  adventive  on  disturbed  ground,  usuallv  in 
and  below  the  pinyon-juniper  zone.  June-Julv.  14230. 

Sarcobatus  lermiculatus  (Hook.)  Torr.  Occasional  on 
Lake  Bonneville  deposits  above  the  Sevier  River  at  the 
north  edge  of  the  area.  June-Julv. 

Convolvidaceae 

Convolvulus  arveiisis  L.  Introduced  from  the  Old 
\\'orld,  adventive  especially  on  disturbed  ground,  mostly 
in  and  below  the  pinvon-juniper  zone.  14214. 

Cornaceae 

Cornus  stohnifera  Mich.x.  Occasional  along  drainages 
with  permanent  stream  flow.  June  13987. 

Crassulaceae 

Seditm  debile  Wats.  Occasional  on  rock  outcrops  in 
and  above  the  pinvon-juniper  zone.  Julv.  14312,  14346, 
15821,  17.356;  Welsh  et  al.  17443. 

Sedum  lanceolatiim  Torr.  The  one  specimen  seen 
(Foster  6532)  is  from  a  sagebrush-jimiper  community  in 
Oak  Creek  Canyon.  June-July. 

Cupressaceae 

Juniperus  osteospenna  (Torr.)  Little.  Dominant  over- 
story  plant  over  much  of  the  area  around  the  base  of  the 
mountains,  growing  on  every  substrate  in  the  area  from 
sand  dunes  to  cracks  of  rock  outcrops. 

Juniperus  scopidorum  Sarg.  Occasional  in  mountain 
bnish  communities  and  with  scattered  fir.  15375,  15812. 

Cyperaceae 

Carex  aurea  Nutt.  Seen  onlv  along  a  nioss\  springlet 
at  Ledge  Spring.  June-.\ugust.  17231. 

Carex  deweyana  Schwein.  var.  bolanderi  W.  Boott  in 
Wats.  Rare,  only  a  few  plants  seen  at  the  mouth  of  Davi- 
son Canyon  and  in  Drv  Canyon,  along  permanent 
streamlets.  Julv.  15826.  17317. 


Carex  douglasii  F.  Boott  in  Hook.  Occasional,  mostly 
along  roads  in  the  pinvon-juniper  zone.  May-June. 
138.33. 

Carex  getjeri  F.  Boott.  Occasional  to  dominant  under- 
story  plant  in  oak,  aspen,  and  fir  communities. 
May-June.  1.3723,  14371,  15374,  15616. 

Carex  hoodii  F.  Boott  in  Hook.  Rare,  moist  places, 
mountain  brush  communities.  17232.  17358. 

Carex  microptera  Mack.  Occasional  to  common  along 
drainages  of  permanent  or  near  permanent  stream  flow. 
June-July.  14194,  14289. 

Carex  nebrascensis  Dewey.  Verv  locallv  common  to 
abundant  in  wet  places.  June-July.  14000. 

Carex  petasata  Dewey.  Infrequent  in  Vasev  sage- 
brush communities.  June-Julv.  14.337. 

Carex  rossii  F.  Boott  in  Hook.  Occasional  to  common 
in  many  plant  communities  in  and  above  the  pinvon- 
jimiper  zone.  June.  14016. 

Carex  vallicola  Dewey.  Occasional  in  Vasev  sage- 
brush and  mountain  brush  communities.  June-July. 
14197,  14325,  144.34,  15624. 

Eleocharis  palustris  (L.)  R.  &  S.  Infrequent  or  verv  lo- 
cally common  in  wet  places.  June.  14001,  14191. 

Elaeagnaceae 

Shepherdia  argentea  (Pursh)  Nutt.  In  aeolian  sand  at 
the  north  edge  of  the  area;  more  common  adjacent  to 
the  area  along  the  flood  plain  of  the  Sevier  River.  Jime. 

18047. 

Ephedraceae 

Ephedra  nevadensis  Wats.  Occasional  in  rockv  places 
in  the  pinyon-juniper  zone. 

Equisetaceae 

Equisetum  laevigatum  A.  Br.  Infrequent  in  moist 
places  along  drainages.  14195. 

Ericaceae 

Arctostaphtjlos  patala  Greene.  Locallv  abundant  and 
sometimes  dominant  on  slopes  at  the  upper  edge  of  the 
pinyon-juniper  zone,  up  through  the  mountain  brush 
zone.  April-June.  1401.5,  149.39,  15291,  16847. 

Euphorbiaceae 

Euphorbia  gltjptospcrma  Engelm.  Infrequent  or  occa- 
sional in  sagebrush-juniper  communities,  perhaps  most 
common  on  sandy  soil.  June.  14141,  141.55. 

Euphorbia  ocellata  Dur.  &  Hilg.  Rare  on  aeolian  sand 
at  the  southwest  part  of  the  area.  .\ugust-September. 
152.50. 

Fabaceae 

Astragalus  argophtjllus  Nutt.  var.  martinii  Jones  Oc- 
casional in  sagebrush,  pinvon-jimiper,  and  oak-maple 
communities.  May-June.  14201,  14.3.32,  15326,  15601; 
Foster  6518,  6.5.30,' 6558. 
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Astragalus  histilcatus  (Hook.)  Gray.  Locally  common 
to  ahuiidaiit  on  old  Lake  Bonneville  deposits  of  seleni- 
ferons  sandy  clay  or  clay  groimd  above  the  Sevier  River 
at  the  extreme  north  limit  of  the  area.  Jnne.  14044. 

Astragalus  cahjcosus  Torr.  Locally  common  on  old 
1  ,ake  Bonneville  deposits  of  sandy  clay  above  the  Sevier 
River  at  the  extreme  north  limit  of  the  area;  common 
just  to  the  east  of  the  area.  May-June.  1.383.3. 

Astragalus  ccramicus  Sheld.  Occasional,  restricted  to 
aeolian  sand  in  and  below  the  pinyon-juniper  zone. 
June.  14123. 

Astragalus  ciharius  Sheld.  Occasional  to  connnon  in 
sagebnush,  pinyon-juniper,  and  mountain  brush  comnui- 
nities;  one  of  the  most  widespread  and  common  loco 
weeds  of  the  area.  Mav-June.  13785,  13881,  13884, 
13940,  15293.  16882;  Foster  6528;  Welsh  16409. 

Astragalus  convallarius  Greene.  Occasional  in  sage- 
l)rush.  pinvon-juniper,  and  mountain  brush  commu- 
nities. June'.  1.3944,  13962. 

Astragalus  eurekensis  Jones.  Occasional  to  connnon 
in  sagebnish  and  pinyon-juniper  communities,  occasion- 
al in  mountain  brush  communities.  May-June.  13764, 
13774,  13784,  1.3815,  1.3834,  13952,  15294;  Welsh  16419, 
16589,  16604. 

Astragalus  geyeri  Gray.  Rare  or  infrecjuent  on  .sandy 
soils  in  and  below  the  pinvon-jvmiper  zone.  June.  14227. 

Astragalus  marianus  (Rydb.)  Barneby.  Infrequent  in 
various  plant  commimities,  at  the  upper  edge  and  above 
the  pinvon-juniper  zone.  June-July.  16886;  Welsh  16433. 

Astragalus  oophorus  Wats.  Occasional  to  common  in 
.sagebnish  and  pinyon-juniper  comnnuiities.  May-June. 
1.3816,  13887,  1.5.352;  Welsh  16444,  16,587. 

Astragalus  scopulorum  T.  C.  Porter.  Infrequent  in 
mountain  bnish,  aspen,  and  fir  communities.  June-July. 
144,36.  1,5551. 

Astragalus  utahensis  (Torr.)  T.  &  G.  Occasional  to  lo- 
callv  ainindant  in  sagebrush  and  pinvon-juniper  commu- 
nities. Mav-June.  13765,  13806,  1.3953,  1.5351,  1,5397; 
Welsh  16403. 

Hedysarum  boreale  Nutt.  Seen  onlv  at  the  north  limit 
of  the  area  on  old  Lake  Bonneville  deposits  of  sandy  clay 
above  the  Sevier  River,  juniper  connnunitv.  Mav-June. 
15,349. 

Lathyrus  brachycalyx  Rydb.  Occasional  to  common 
in  sagebrush,  pinvon-juniper,  and  mountain  brush  com- 
numities.  Mav-June.  13808,  1.3949,  14025,  1,5333,  1,5360; 
Welsh  16402,'  16407,  16408. 

Lathyrus  lauzwertii  Kellogg.  Occasional  in  mountain 
iirush  and  aspen  communities.  Jime-July.  14024,  140.31. 

Lathyrus  pauciflorus  Fern.  Infrequent  in  moiuitain 
brush  and  tir-snowberry  communities.  June-Jidy.  1,5618, 
1.5799. 

Lotus  utahensis  Otiey.  Occasional  in  sagebrush  and 
sagebrush-juniper  communities,  seen  only  in  Church 
Movmtains  and  south  end  of  Canyon  Mountains. 
June-July.  14085,  14278,  14444. 

Lupinus  hri'vicaulis  Wats.  Seen  only  on  aeolian  sand 
at  i'Ady  Springs  Wash  in  the  pinvon-juniper  zone. 
June-July.  141,50,  14225,  14228. 

Lupinus  prunophilus  Jones.  Occasional  in  pinyon- 
juniper  connnunities,  seen  only  on  south  end  of  Canyon 
Mountains.  May-June.  14165,  1,5,3.32. 

Lupinus  sericeus  Pursh.  Seen  only  in  Oak  C^reek 
drainage,  sagebrush-oak-white  fir  connnunit\'.  June-Julv. 
Foster  65,36;  Welsh  et  al.  17452. 


Medicagn  sativa  L.  Introduced  from  the  Old  World, 
used  extensivelv  in  rangeland  seedings.  June-Jidy. 
14280. 

Psoralea  lanccolata  Pursh.  Connnon  to  abundant  and 
sometimes  dominant  on  sand  dunes  in  and  below  the 
pinvon-juniper  zone.  June-Julv.  14144;  Foster  6.546. 

Trifoliutn  andinum  Nutt.  in  T.  &  G.  Locally  common 
to  abundant  on  faces  of  rocks  and  rock  crevices  in  the 
mountain  brush  zone  and  upward  to  the  highest  eleva- 
tions on  the  Canyon  Mountains,  mostlv  north  of  Oak 
Creek.  Mav-June^  14342.  14357,  14932,  1,5377,  15592, 
1,5606,  1,5829. 

Trifolium  gymnocarpon  Nutt.  in  T.  &  G.  Seen  once 
along  a  trail  to  Lvman  (>anvon,  Vasey  sagebrush-white 
fir  community.  June.  16881. 

Trifolium  pratense  L.  Introduced  from  the  Old 
World,  seen  around  a  spring  in  Eight  Mile  Canyon.  July. 
17240. 

Trifolium  repens  L.  Occasional  in  moist  soil  along 
drainages.  Mav-July.  14188. 

Vicia  americana  Muhl.  ex  Willd.  Occasional  to  fre- 
quent in  Vasev  sagebrush-jiuiiper,  mesic  mountain 
brush,  and  aspen  communities.  Mav-fune.  13790,  13848, 
13880,  14092;  Weksh  16,5,39a. 

Fagaceae 

Quercus  gambelii  Nutt.  Connnon  to  dominant  over 
much  of  the  mountain  brush  zone,  occasional  well  down 
into  the  pinyon-juniper  zone.  May-June.  13812,  14942. 

Funiariaceae 

Corydalis  aurea  Willd.  Infrequent  in  various  plant 
communities,  usually  above  the  pinyon-jimiper  zone, 
rather  adventive  on  disturbed  ground.  June.  13986. 

Geraniaceae 

Erodium  cicutarium  (L.)  L'Her  in  Ait.  Introduced 
from  the  Old  World,  adventive  with  disturbance,  occa- 
sional in  sagebrush  and  pinvon-juniper  communities. 
May-Julv.  1,3798,  1.3807. 

Geranium  parryi  (Engelm.)  Heller.  Rare,  seen  only  at 
two  locations  in  cracks  of  massive  quartzite  outcrops  in 
East  Eightmile  Creek.  July-August.  Plants  vary  from 
typical  G.  parn/i  in  having  whitish  rather  than  purple 
petals,  and  thev  average  somewhat  smaller.  Similar 
plants  have  been  found  in  the  Stansburv  Mountains  far- 
ther to  the  north  in  Utah  (A.  Taye  &  B.  Wall  1213  and 
\.  Taye  &  J.  Herrick  1431).  These  plants  may  be  worthy 
of  varital  status.  14423,  14916. 

Hvdrophvllaceae 

Hydrophyllum  occidentale  (Wats.)  Gray.  Common  to 
dominant  understory  plant  in  oak  and  aspen  commu- 
nities, occasional  in  other  connnunities  above  the  pin- 
von-juniper zone.  May-June.  13999,  15372. 

Phacelia  ivesiana  Torr.  Infrequent  in  juniper-sage- 
brush connnimities.  Mav-June.  15,564,  15677. 

Phacelia  linearis  (Pursh)  Holz.  Infrequent  in  pinvon- 
juniper  and  mountain  brush  comnnuiities,  very  locally 
common  on  aeolian  sand  in  a  pinyon-juniper  stand  in 
Whiskey  Creek  drainage.  May-June.  15558,  15565, 
16838. 
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Jiincaceae 

Junctts  articus  VVilld.  Occasional  to  locallv  conmion 
in  wet  places.  June-July.  14002. 

Junctts  htifonius  L.  Infre(juent  along  epiienieial 
drainages  in  pinvon-juniper  connnunities.  fune.  14086, 
14140,17326. 

Junciis  ensifoHus  VVikstr.  Occasional  along  permanent 
streams,  around  seeps  and  springs,  over  a  wide  eleva- 
tional  range.  June-July.  14193,  14284. 

Juncus  tenuis  VVilld.  Infrecjuent  in  moist  and  wet 
places.  June-July.  14288. 

Lamiaceae 

Agastache  urticifolia  (Benth.)  Kiintze.  Occasional  in 
mountain  hnish  and  aspen  connnunities,  locally  abun- 
dant in  snow  accunnilation  areas.  June-July.  14361. 

Dracocephalum  parviflonim  Nutt.  Introduced  from 
the  Old  World,  adventive  on  disturbed  ground,  usually 
in  and  below  the  pinvon-juniper  zone.  Jiuie.  14216, 
17.321. 

Leonarus  cardiaca  L.  Introduced  from  the  Old 
World,  adventive;  seen  only  at  Oak  Creek,  on  canyon 
bottom  with  oak;  most  abundant  where  cattle  have 
made  beds  under  oak.  June-July.  14313,  17959. 

Marruhium  vulgare  L.  Introduced  from  the  Old 
World,  adventive  on  disturbed  groimd,  usually  in  and 
below  the  pin\'on-jiiniper  zone.  June-July.  14164. 

Monardella  odoratissima  Benth.  Occasional  to  locally 
common  in  rockv  places  usually  in  the  mountain  brush 
zone.  July-September.  14319,  15143,  17.357. 

Liliaceae 

Allium  acuminatum  Hook.  Occasional  to  common  in 
various  plant  communities  over  a  wide  elevational 
range.  Mav-June.  13961,  14014,  14081. 

Allium  hrandegei  Wats.  Infrequent  or  occasional  in 
various  plant  communities,  mostly  above  the  pinvon- 
juniper  zone.  June-July.  14353,  13989  15069. 

Calochortus  nuttallii  T.  &  G.  Occasional  to  common 
in  sagebrush  and  pinvon-jiuiiper  communities.  June. 
13968.  13978,  14091,  14105.  14171,  14333,  15690. 

Erythronium  grandiflorum  Pursh.  Occasional  to  local- 
lv common  in  various  plant  communities,  usually  above 
the  pinyon-juniper  zone.  April-Mav.  13991,  15316, 
15386;  Welsh  16422. 

Fritillaria  atropurpurea  Nutt.  Infrequent  or  rare  in 
Vasev  sagebrush  and  mountain  brush  commiuiities. 
June-July.  13998,  14338. 

Veratrum  californicum  Durand.  Very  locally  com- 
mon in  wet  places  in  Drv  (Janvon  and  Bowens  Canyon. 
July- August.  17315. 

Zigadenus  panicidatus  (Nutt.)  Wats.  Occasional  to 
rather  common  in  Vasey  sagebrush-juniper,  pinyon-jimi- 
per,  and  moiuitain  brush  communities.  May-June. 
1380.5,  13923.  14120,  14145. 

Zigadenus  venenosus  Wats.  Seen  only  at  Ledge 
Spring  along  a  springlet.  July.  17226. 

Linaceae 

Linum  percnne  L.  var.  lewisii  Hulten.  Occasional  to 
common  in  sagebrush,  pinyon-jimiper,  and  mountain 
bnish  connnunities. 


Loasaceae 

Mentzelia  laevicaulis  (Dougl.)  T.  &.  G.  Seen  only  at 
one  location  between  the  Canyon  and  Church  moun- 
tains in  a  juniper-sagebrush  community.  Jidy-August. 
14311. 

Mentzelia  tncmtana  (A.  Davids.)  A.  Davids.  Occasion- 
al in  juniper  and  juniper-sagebrush  communities. 
June-July.  14221,  14112.  Much  like  M.  alhicaulis  Dough, 
which  might  also  be  in  the  area. 

Malvaceae  , 

Iliamna  rivularis  (Nutt.)  Rvdb.  Seen  at  two  stations: 
Buck  Hollow  north  e.xposure,  white  fir-oak-niaple  com- 
munity, and  mouth  of  Oak  Creek,  burned  over  sage- 
bru.sh-moiuitain  brush  commimitv.  June-July.  15602, 
17318. 

Sphaeralcea  coccinea  (Nutt.)  Rydb.  Occasional  in 
sagebrush  and  juniper  communities  in  and  below  the 
pinvon-juniper  zone.  Mav-Jime.  1.3930,  14101. 

Sphaeralcea  grossularii folia  (H.  &  A.)  Rydb.  Occa- 
sional in  sagebrush  and  jimiper  communities  in  and  be- 
low the  pinyon-juniper  zone.  May-June.  13930,  14101; 
Welsh  16595. 

Oxyhaphus  linearis  (Pursh)  Robins.  A  single  speci- 
men collected  from  month  of  Oak  Creek-Dry  Creek, 
burned  over  jiuiiper  community.  July-September. 
17.331. 

Tripterocalyx  micranthus  (Torr.)  Hook.  Occasional  in 
sand  dunes  at  the  southwest  edge  of  the  area.  June. 
14146. 

Onagraceae 

Camissonia  boothii  (Dougl.)  Raven  ssp.  alyssoides 
(H.  &  A.)  Raven.  Rare,  seen  only  at  one  station  at  the 
south  end  of  Canyon  Mountains  in  the  pinyon-juniper 
zone.  May-June.  14128. 

Epilobium  angustifolium  L.  Seen  at  two  locations 
where  very  locally  common,  along  streamlets  in  moun- 
tain brush  and  fir  communities.  July-August.  17943. 

Epilobium  brachycarpum  Presl.  Occasional  in  sage- 
brush, pinyon-juniper,  and  mountain  brush  commu- 
nities. June',  July.  14090,  14142,  14298,  15802. 

Epilobium  canum  (Greene)  Raven  ssp.  garrettii  (A. 
Nels.)  Raven.  Occasional  to  common  in  rocky  places,  of- 
ten on  rock  outcrops  in  mountain  brush  communities. 
July-September.  14315,  14457,  14917;  Welsh  et  al. 
17449. 

Epilobium  ciliatum  Raf.  Occasional  in  moist  places 
along  drainages.  June-July.  14190,  15835;  Welsh  et  al. 
17446. 

Epilobium  nevadense  xMunz.  Rare  in  rocky  places  in 
mountain  brush  communities.  .\ugust-September. 
14918,  15144. 

Epilobium  saximontanum  Hausskn.  Occasional  in 
moist  places  along  drainages.  June-July.  15822. 

Gayophytum  racemosum  T.  &  G.  Occasional,  some- 
what adventive  on  disturbed  ground,  various  plant  com- 
munities, often  on  moist  soil.  June-July.  14303,  14.358. 

Gayophytum  ramosissimum  Nutt.  Occasional,  some- 
what adventive  on  disturbed  ground,  various  plant  com- 
munities, usually  on  dry  soil.  June-JuK'.  13964,  14121. 
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Oenothera  caespitosa  Nutt.  Occasional  in  sagebrush 
and  pinvon-juniper  communities.  May-June  13954, 
14209. 

Oenothera  pallida  Lindl.  Common  to  abundant  on 
aeiolian  sand  and  locally  dominant  on  active  sand  dunes. 
In  and  below  the  pinyon-juniper  zone.  June-September. 
14148,  16388. 

Orchidaceae 

Hahenaria  sparsiflnra  Wats.  Rather  rare  in  white  fir 
cximmunities.  Julv.  14339,  14344. 

Habenaria  unalascensis  (Sprengel)  Wats.  Seen  only  at 
the  following  location;  mouth  of  Davison  Creek  in  shade 
of  white  fir.  July.  15828. 

Orobanchaceae 

Orohanche  corymbosa  (Rydb.)  Ferris.  Seen  only  along 
a  trail  in  a  mountain  iirush  conimiinitv  in  Lyman  Can- 
yon. June-September.  17941. 

Orobanche  fasciculata  Nutt.  Infre(iuent  in  sagebrush 
and  pinvon-juniper  communities.  June-Julv.  15568;  Fos- 
ter 6547. 

Papaveraceae 

Argemone  munita  Dur.  &  Hilg.  Occasional  to  locally 
common,  in  sagebrush  and  pinyon-juniper  communities, 
mostly  along  roadsides,  in  burn  areas  and  other  places 
that  have  been  disturbed.  June.  13972,  14038,  14181, 
14204. 

Pinaceae 

Abies  concolor  (Gord.  &  Glend.)  Lindl.  Common  to 
dominant  at  upper  elevations  mostly  on  cool  exposures. 

Pinus  ediilis  Genelm.  in  Wisliz.  Dominant  overstory 
plant  in  the  middle  and  at  the  upper  edge  of  the  pinyon- 
juniper  zone,  growing  on  most,  if  not  all,  substrates  in 
the  area.  May-June. 

Pinus  mono})hylla  Torr.  &  Frem.  in  Freni.  Locally 
common  in  the  central  canyons  of  the  west  side  of  the 
Canyon  Mountains  and  occasional  on  the  east  side  of 
these  moimtains,  apparently  crossing  some  with  P. 
edtilis  as  some  trees  show  single-  and  two-needle  bun- 
dles on  some  twigs.  May-June.  15637,  16456. 

Pinus  ponderosa  Laws.  Planted  at  Plantation  Flat  in 
Oak  Creek  Canvon,  where  the  trees  have  done  very 
well.  .\lso  seen  in  Fool  Creek.  Mav-June. 

Pseudotsuga  menziesii  (Mirb.)  Franco.  Occasional  to 
co-dominant  with  white  fir  at  upper  elevations,  usually 
on  cool  exposures.  May-June.  15562. 

Plantaginaceae 

Plantago  lanceolata  L.  Introduced  from  the  Old 
World,  seen  at  the  mouth  of  Oak  Creek  Canyon,  burned 
over  cottonwood-willow-oak  community.  July.  17319. 

Poaceae 

Aegilops  cijlindrica  Host.  Introduced  from  tlie  Old 
World,  seen  along  a  roadside  at  the  mouth  of  Oak 
Creek.  June.  18733^ 


Agropyron  eristatum  (L.)  Gaertn.  Introduced  from 
the  Old  \Vorld,  used  extensively  in  rangeland  seedings  in 
pinyon-juniper  and  sagebrush  communities.  May-June. 
13912. 

Agropyron  dasifstachyum  (Hook.)  Scribn.  Infrequent 
in  various  plant  comnumities  in  and  above  the  pinyon- 
juniper  zone.  June.  13967. 

Agropyron  intermedium  (Host)  Beauv.  var.  inter- 
medium. Introduced  from  the  Old  World,  used  exten- 
sively in  rangeland  seedings  in  pinvon-juniper  and  sage- 
brush communities.  Late  May-July.  14279,  14.304. 

Agropyron  intermedium  (Host)  Beauv.  var.  trichopho- 
rum  (Link)  Halacsy.  Introduced  from  the  Old  World, 
used  extensively  in  rangeland  seedings  in  pinyon-juniper 
and  sagebrush  communities.  Late  May-July.  14304. 

Agropyron  smithii  Rydb.  Locally  common  to  abun- 
dant along  swales  with  moderately  deep  and  somewhat 
fine-textured  soils  in  the  Church  Mountains  and  south 
end  of  Canyon  Mountains,  pinyon-juniper  and  sagebrush 
communities.  June-July.  14089,  14279. 

Agropyron  spicatum  (Pursh)  Scribn.  &  Smith.  Co- 
dominant  with  sagebrush  and  often  the  dominant  under- 
story  plant  in  pinyon-juniper  communities,  increases 
rapidly  after  fire,  occurs  in  awned  and  awnless  forms. 
May-june.  13844,  13922,  13921. 

Agropyron  trachyeauhim  (Link)  Malte.  Locally  com- 
mon in  Vasev  sagebrush,  aspen,  and  fir  communities,  lo- 
cally abundant  in  areas  of  snow  accumulation. 
June-August.  14367,  15804. 

Alopecurus  aequalis  Sobol.  Seen  along  the  stream  at 
the  mouth  of  Oak  Creek  Canyon.  June-August.  17328. 

Bouteloua  gracilis  (H.  B.  K.)  Lag.  ex  Steud.  In- 
frequent to  verv  locally  common  in  rocky  places  in  low 
sagebrush  and  mountain  brush  communities  near  the 
crest  of  the  range.  August-September.  15146. 

Bromus  brizaeformis  Fisch.  &  Mey.  Introduced  from 
Europe,  seen  only  at  one  station  on  southwest  exposure 
in  a  sparsely  vegetated  mountain  brush  connnunity. 
May-June.  15573. 

Bromus  carinatus  H.  &  A.  Occasional  to  locally  abun- 
dant in  Vasev  sagebrush,  aspen,  and  moimtain  brush 
communities  at  upper  elevations  and  often  in  snow  ac- 
cumulation areas.  June-July.  14018,  15803. 

Bromus  diandrus  Roth.  Introduced  from  the  Old 
World,  seen  onlv  on  distiubed  ground  around  Mud 
Spring,  pinvon-juniper-oak  community.  May-June. 
142  lo" 

Bromus  hordeaceus  L.  Introduced  from  the  Old 
World,  adventive  on  disturbed  ground  in  and  below  the 
pinvon-jvmiper  zone,  apparently  cjuite  limited  in  the 
area.  May-June.  14211,  14286,  14294. 

Bromus  inermis  Leyss.  Introduced  from  the  Old 
World,  used  in  rangeland  seedings,  best  adapted  for 
cooler,  more  moist  environments  than  pinyon-juniper 
communities,  but  occasional  seeding  in  such  commu- 
nities. June-July.  13942. 

Bromus  rubens  L.  Seen  only  at  two  stations  where  lo- 
cally common  in  pinyon-juniper-mountain  brush  com- 
munities, on  south  and  southwest  exposures.  May-Jime. 
15357,  15574. 

Bromus  teetorum  L.  Introduced  from  the  Old  World, 
adventive  on  disturbed  ground  in  many  plant  connnu- 
nities,  but  most  common  in  and  below  the  pinvon-juni- 
per zone.  May-June.  13795;  Welsh  16601. 
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Dactylis  glomerata  L.  Introduced  from  the  Old 
World,  used  in  rangeland  seedings,  best  adapted  for  sites 
that  are  more  mesic  than  pinvon-juniper  communities, 
but  occasionally  seeded  in  such  areas.  Jmie  13941. 

Danthonia  unispicata  (Thurb.)  Munro  ex  Macoun. 
Infretjnent  in  drv  rock  places  in  mountain  brush  com- 
numities.  fulv.  14351,  14428. 

Elymus  cinereiis  Scribn.  &  Merr.  Apparently  rare, 
seen  in  Oak  Creek  Canyon  near  the  mouth  of  Lyman 
Canyon,  Va.sey  sagebrush-oak  community.  June-August. 

Elymus  glat4cus  Buck!.  Infrequent  in  shade  of  aspen 
and  Cottonwood,  usually  along  drainages.  June-July. 
14301,  17327. 

Elymus  junceus  Fisch.  Introduced  from  the  Old 
World,  u.sed  in  rangeland  seedings  in  sagebrush  and  pin- 
yon-juniper  communities.  June.  16826. 

Festuca  ovina  L.  Infrequent  in  juniper  and  perhaps 
mountain  bnish  communities.  May-Jiuie.  16828. 

Festuca  pratensis  Huds.  Introduced  from  the  Old 
World,  seen  around  a  spring  in  Eightmile  Canyon. 
June- August.  17241. 

Glyceria  striata  (Lam.)  A.  S.  Hitch.  Infrequent  along 
permanent  streams  in  canyons.  June-July.  14287. 

Hilaria  jamesii  (Torr.)  Benth.  Infrequent  to  occasion- 
al in  juniper-sagebnish  communities,  perhaps  most  com- 
mon in  the  Church  Mountains  and  extreme  south  limit 
of  the  Canyon  Mountains.  June.  13970,  14129. 

Hordeum  murinum  Huds.  Introduced  from  the  Old 
World,  seen  only  at  Oak  Creek  Campground.  May-July. 
17363. 

Melica  bulbosa  Geyer  ex  Port.  &  Coult.  Occasional  in 
Vasey  sagebrush  and  mountain  brush  commiuiities. 
June-July.  14023. 

Muhlenhergia  wrightii  Vasey  in  Coult.  Rather  rare 
along  or  near  the  crest  of  the  Canyon  Mountains  on  rock 
outcrops.  September.  15147,  17948. 

Oryzopsis  hymenoides  (R.  &  S.)  Ricker  in  Piper.  Oc- 
casional to  common  in  sagebru.sh,  pinyon-juniper,  and 
mountain  brush  communities.  Jime-July.  13983. 

Oryzopsis  micrantha  (Trin.  &  Rupr.)  Thurb.  Rare  in 
rocky  places  in  mountain  bnish  coninumities  and  with 
scattered  fir.  July.  14.343,  15811. 

Fhleum  pratense  L.  Introduced  from  the  Old  World, 
used  in  rangeland  seedings,  best  adapted  for  areas  more 
mesic  than  pinyon-juniper  communities.  June.  14179. 

Foa  annua  L.  Introduced  from  the  Old  World,  adyen- 
tive  on  disturbed  ground,  often  along  ephemeral  and 
permanent  streams,  and  around  springs.  June-July. 
14004,  14446,  15588. 

Foa  bulbosa  L.  Introduced  from  the  Old  World,  ad- 
ventiye  on  disturbed  ground,  mostly  in  and  below  the 
pinyon-juniper  zone,  used  in  the  past  for  seeding  range- 
lands.  13780,  13796,  13904,  13907,  13977,  14130. 

Foa  fendleriana  (Steud.)  Vasey.  Common  in  pinyon- 
juniper,  Vasey  sagebnish,  and  mountain  brush  commu- 
nities. April-June.  13809,  14028,  15327,  15328;  Welsh 
16398. 

Foa  pratensis  L.  Occasional  to  locally  common  along 
drainages. 

Foa  secunda  Presl.  Common  to  abundant  in  sage- 
brush and  pinvon-juniper  communities.  April-June. 
13773,  13896,  13908,  15801;  Welsh  16399,  16586. 

Polypogon  semiverticillatus  (Forsk.)  Hylander.  Seen 
only  in  moist  groimd  around  Mud  Spring  and  mouth  of 
Oak  Creek  Canyon.  June-July.  14212,  17.329. 


Secale  cereale  L.  Introduced  from  the  Old  World,  ad- 
ventiye  on  disturbed  ground,  sometimes  cidtivated  as  a 
cereal  crop,  used  in  the  past  for  seeding  rangelands  in 
sagebrush  and  juniper  communities.  May-Jime.  13926, 
16827. 

Sitanion  hystrix  (Nutt.)  J.  G.  Sm.  Occasional  to  com- 
mon in  many  plant  communities  over  a  wide  elevational 
range.  May-June.  13937. 

Sporobolus  cryptandrus  (Torr.)  Gray.  Occasional  on 
sandy  ground,  seen  only  in  Church  Moimtains  and  south 
end  of  Canyon  Mountains  in  and  below  the  pinyon-juni- 
per zone.  July-September.  14126. 

Stipa  Columbiana  Macoun  (S.  nelsoni  Scribn.).  Occa- 
sional in  Vasey  sagebrush  and  aspen  coninumities,  usual- 
ly above  the  pinyon-juniper  zone.  June-Jidv.  14022, 
14198,  14335,  156.33,  15805. 

Stipa  comata  Trin.  &  Rupr.  Occasional  in  sagebrush 
and  pinyon-juniper  communities,  usuallv  on  sandy  soil. 
May-June.  13969. 

Stipa  lettcrmanii  Vasey.  Occasional  in  Vasey  sage- 
brush and  mountain  brush  commimities  above  the  pin- 
yon-juniper zone.  June-July.  14.336. 

Vulpia  ocfoflora  (Walt.)  Britt.  Infrequent  in  sage- 
brush and  pinyon-juniper  communities.  May-June. 
13891,  1.3971. 

Polemoniaceae 

Collomia  linearis  Nutt.  Occasional  in  Vasey  sagebru.sh 
and  mountain  brush  conununities.  May-Jime.  14026. 

Eriastrum  diffusum  (Gray)  Mason.  Seen  only  at  Clay 
Springs  Wash,  chainedover  juniper  woodland,  sandy 
soil;  specimen  has  anthers  (0.4-0.6  mm  long)  and  the 
habit  of  E.  diffusum,  but  the  lobes  of  the  leaves  are  like 
those  in  E.  sparsiflorum  (Eastw.)  Mason.  May-Jime. 
14154. 

Gilia  aggregata  Pursh  Spreng.  Occasional  to  rather 
common  in  sagebrush  and  pinvon-juniper  communities. 
June-September.  13935. 

Gilia  inconspicua  (J.  E.  Sm.)  Sweet  .  Occasional  to 
rather  common  in  sagebrush  and  pinvon-juniper  com- 
munities. May-June.  13892,  13943,  13979,  13982. 

Gilia  leptomeria  Gray.  Occasional  to  rather  common 
in  sagebrush  and  pinvon-juniper  communities,  apparent- 
ly increasisng  after  chaining  of  jiiniper  stands. 
May-June.  13939,  13946,  14096,  14162,  15688. 

Gilia  polycladon  Torr.  in  Emory.  Occasional  just  to 
the  east  of  the  area  in  Little  Valley,  and  to  be  expected 
on  the  area  on  sandy  soils  in  sagebrush  and  pinyon-juni- 
per commiuiities  at  lower  elevations. 

Leptodactylon  pungens  (Torr.)  Nutt.  Occasional  in 
many  plant  communities  over  a  rather  wide  elevational 
range.  May-June.  13915,  14094. 

Microsteris  gracilis  (Hook.)  Greene.  Occasional  to 
common  in  juniper  and  juniper-sagebrush  communities, 
increasing  with  disturbance  and  locally  abundant  on 
chained  areas.  May-June.  13776,  13965;  Welsh  16413. 

Fhlox  austromontana  Gov.  Infrequent  and  local  in 
pinyon  juniper-juniper  and  mountain  brush  commu- 
nities, usually  in  rockv  places.  April-June.  13843,  15289; 
Welsh  16418. 

Fhlox  hoodii  Richards.  Occasional  in  sagebrush  and 
pin von-jimiper  communities.  March-May.  13783,  13811. 

Fhlox  longifolia  Nutt.  Occasional  in  sagebrush,  pin- 
yon-juniper, and  mountain  brush  communities. 
May-June.  13772,  13797;  Foster  6541;  Welsh  16406. 
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Polygonaceae 

Eriogpnum  hrevicaule  Nutt.  In  many  plant  comnni- 
nities  in  and  above  the  pinyon-juniper  zone,  abundant  in 
rockv  places  in  mountain  brush  communities  and  open 
windswept  ridges  and  slopes.  Julv-October.  14318, 
14345,  14368,  14427,  14921,  14922,  15246,  17.349,  17350. 
Small  specimens  from  Fool  Peak  approach  £.  gratji  Re- 
veal, but  these  are  probably  depauperate  plants  of  £. 
hrevicaule. 

Eriogonum  cernuum  Nutt.  Occasional  to  abundant  in 
sagcbnish  and  pinyon-juniper  communities,  adventive 
and  increasing  on  disturbed  ground.  June-September. 
14122,  1414.3,  14222,  14949;  Foster  6545. 

Eringomtm  heracleoides  Nutt.  Seen  only  at  a  few  lo- 
cations where  locally  common  on  rocky  slopes  in  Vasey 
sagebrush  and  mountain  brush  communities.  July. 
14323,  14429,  17225;  Foster  6.5.33. 

Eriogonum  hookeri  Wats.  Seen  only  at  one  location, 
in  bare  soil  where  a  juniper  had  been  uprooted  in  a 
chaining,  .\ugust.  17725. 

Eriogonum  kearneyi  Tidestr.  Locally  abundant  on  ac- 
tive and  partlv  stable  sand  dunes  at  the  west  edge  of  the 
area;  widespread  on  dunes  to  the  west  of  the  area.  .Au- 
gust-October. 16.387. 

Eriogonum  maculatum  Heller.  Locally  common  on 
sandv  soil  in  Clay  Springs  Wash  area,  apparently  in- 
creasing after  chaining  of  pinvon  and  juniper.  June-July. 
141,56,  14220. 

Eriogonum  microthecum  Nutt.  Occasional  in  low 
sagebrush  and  mountain  brush  communities. 
August-September. 

Eriogonum  ovalifolium  Nutt.  Occasional  in  sagebrush 
and  pin\on-juniper  communities.  May-June.  13900, 
1.3918,  14099.  The  yellow  flowered  phase  (var.  multi- 
scapwn  Gand.)  is  common  just  east  of  the  area. 

Eriogonum  pahnerianum  Reveal  in  Munz.  Occasional 
in  sandv  soil,  most  conmion  in  Cla\'  Springs  Wash  area 
in  places  cleared  of  juniper  trees  bv  chaining.  Jnne-Jidv. 
14161,  14219. 

Eriogonum  racemosum  Nutt.  Infrequent  but  wide- 
spread within  various  plant  comnnmities  over  a  rather 
wide  elevational  range.  ,\ngust-Octolier.  14919,  15141, 
17.3.55. 

Eriogonum  umbeUatum  Torr.  var.  dichrocephalum 
Grand.  Collected  from  Weetches  Canvon  from  rockv 
ground  in  a  Douglas-fir-white  fir  comniunitv.  15797. 

Eriogonum  umbellatum  Torr.  var.  umheUatum.  Occa- 
sional in  pinvon-jimiper-sagebnish  and  moimtain  brush 
communities.'  August.  14920,  14944,  1.58.32. 

Polygonum  aviculare  L.  More  or  less  weedy  along 
roads  and  other  areas  of  disturbance.  Julv-September. 
17310. 

Polygonum  douglasii  Greene.  Occasional  to  common, 
adventive  on  disturbed  groimd  in  many  plant  commu- 
nities. June   .'\ugust.  14.302. 

Pohfgonum  sawatchense  Small.  Occasional  to  locallv 
common,  adventive  on  disturbed  ground  in  nianv  plant 
communities.  June-,\ugust.  14139. 

Rumex  salicifolius  Weinm.  Infrequent  along  drainage 
bottoms  in  canyons.  14192. 

Polvpodiaceae 

Cystopterus  fragilis   (L.)   Bernh.    in    Schrader.    In- 

frecjnent  or  occasional  in  rock  outcrops,  mostly  above 
the  pinyon-juniper  zone.  14013,  14421,  1.5604. 


Pellaea  brcweri  D.C.  Eaton.  Infrequent  in  crevices  of 
ledges.  1.5813. 

Polystichum  scopulinum  (D.C.  Eaton)  Maxon.  Seen 
onlv  at  East  Fork  Eightmile  Creek,  cracks  of  massive 
rock  outcrop,  in  mountain  brush  zone.  14422. 

Portnlaceae 

Claytonia  lanceolata  Pursh.  Occasional  in  mountain 
brush  connnunities,  and  at  the  edge  of  aspen  and  fir 
communities.  April-.May.  1.5290,  1,5.387;  Welsh  16431. 

Lewisia  rediviva  Pursh.  Occasional  on  rocky  ridges  in 
the  momitain  brush  zone.  June-Julv.  14369. 

Montia  perfoliata  (Donn)  Howell.  Locally  common 
to  abdunant  imder  juniper  trees,  especially  along  drain- 
ages; occasional  in  moimtain  brush  and  fir  communities. 
Late  April-May.  13777,  14113,  15.398,  16844;  Welsh 
16411. 

Pyrolaceae 

Chimaphila  umbellata  (L.)  Bart.  Seen  only  in  one  fir 
community  in  Davison  Canyon.  July.  15610. 

Pyrola  asarifolia  Michx.  Seen  at  a  single  location  in  a 
fir  comniunitv  in  Davison  Canyon.  July.  156II. 

Pyrola  secunda  L.  Seen  only  along  the  crest  of  the 
Canvon  Mountains  above  Lvman  Canyon.  July-.\ugust. 
179,54. 

Ranunculaceae 

Aconitum  columbianum  Nutt.  In  T.  &  G.  Occasional 
along  drainages  and  around  springs;  a  fairly  good  in- 
dicator of  permanent  springs  and  streams.  14438. 

Anemone  tuberosa  Rydb.  Seen  only  at  one  station  at 
the  north  end  of  Canvon  Mountains  with  sagebrush, 
scattered  cliffro.se,  and  juniper.  April-May.  153.56. 

Aquilegia  caerulea  James.  Seen  only  in  cracks  of 
rocks  at  Weetches  Canvon,  and  along  a  springlet  at 
Ledge  Spring.  June-July.'l,5807,  17228;  Foster  6537. 

Aquilegia  formosa  Fisch.  in  DC.  Locally  common 
along  drainages  where  stream  flow  is  permanent  or 
nearly  so.  June-August.  14,300,  1,5587,  17229. 

Delphinium  Gray.  Infrequent  in  various  plant  com- 
munities over  a  wide  elevational  range.  May-June. 
138.50,  1,5402A,  1.5619;  Welsh  16,594. 

Delphinium  nuttallianum  Pritz.  Occasional  in  sage- 
brush, pinvon-jnniper,  and  mountain  brush  commu- 
nities. May-June.  1,5383;  Welsh  16,591. 

Delphinium  occidentale  Wats.  Locally  common  in 
mesic  Vasev  sagebrush,  mountain  brush,  and  aspen  com- 
munities; seen  at  verv  few  stations  in  the  area.  July. 
14.327,  15798. 

Myosurus  minimus  L.  Seen  only  at  East  Fork  Eight- 
mile  Creek,  among  rocks  in  oak-sagebrush  community. 
June.  14026 A. 

Ranunculus  cymhalaria  Pursh.  Infrequent  in  wet 
places.  May-August.  14187;  Foster  6.5,39. 

Ranunculus  sceleratus  L.  Occasional  in  seeps, 
springs,  and  along  streams,  in  mud  and  water. 
May-June.  14189,  14213,  16879,  17,322. 

Ranunculus  testiculatus  Crantz.  Introduced  from  the 
Old  World,  adventive  on  disturbed  ground,  usually  in 
and  below  the  pinyon-juniper  zone,  common  to  abun- 
dant under  juniper.May-June.  13778,  13889. 
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Thalictrum  fendleri  Engelm.  in  Gray.  Occasional  in 
rockv  snowbank  areas  and  aspen  communities. 
June-July.  14354,  14360,  15593. 

Rhamnaceae 

Ceanothus  martinii  Jones.  Occasional  in  mountain 
bnish  conununitics.  June-July.  14350,  15636,  15834. 

Ceanothus  vehitintis  Dougl.  in  Hook.  Collected  at 
Eightmile  Creek  in  a  mountain  brush  community.  June. 
13995. 

Rosaceae 

Amelanchier  alnifoUa  (Nutt.)  Nutt.  Occasional  in 
mountain  brush  communities.  May-June.  13994,  16880. 

Amelanchier  utahensis  Koehn.  Occasional  in  pinyon- 
juniper  and  mountain  brush  communities,  mostly  on 
drier  sites  than  A.  alnufolia.  May-June.  16605;  Foster 
6613. 

Cercocarpus  ledifoUus  Nutt.  Dominant  overstory 
plant  over  wide  areas  above  the  pinyon-juniper  zone,  on 
dryer  sites  than  Gambel  oak,  aspen,  or  fir;  occasional  or 
common  in  upper  pinyon-juniper  and  other  plant  com- 
munities. May-June. 

Cercocarpus  montanus  Raf.  Locally  common  to  abun- 
dant in  pinyon-jiuiiper  and  mountain  brush  commu- 
nities; the  dominant  overstory  shrub  at  a  few  stations 
such  as  in  Oak  Creek  Canyon  and  near  Scipio  Pass. 
May-June.  Rarely  crosses  with  C.  ledifoUus  An  apparent 
hybrid  of  such  origin  was  found  above  Wide  Canyon. 
The  plant  was  treelike  and  had  persistent,  thick  leaves 
as  in  C.  ledifoUus  but  the  leaves  had  the  shape  and  ser- 
rations of  C.  montanus.  13820,  15635  (16463,  the  appar- 
ent hybrid). 

Cmcania  mexicana  D.  Don.  var.  stansburiana  (Torr.) 
Jeps.  Common  to  abundant  in  pinyon-juniper  and 
mountain  bnish  communities,  occasionally  dominant  on 
slopes  and  ridges;  often  associated  with  black  sagebrush 
on  shallow,  rocky  soils.  Late  Mav-June.  14093,  14108, 
14307,  15569;  Welsh  16599. 

Crategus  douglasii  Lindl.  Seen  at  Oak  Creek  Camp- 
ground, cottonwood-oak-maple  communitv.  Mav-June. 
17361. 

Fragaria  vesca  L.  Infrequent  in  various  plant  commu- 
nities, usually  above  the  pinyon-juniper  zone.  June-July. 
14426,  17233. 

Ceum  triflorum  Pursh.  Seen  only  at  an  ephemeral 
meadow  of  forbs  at  an  ecotone  between  white  fir  and 
low  sagebrush  commvmities,  above  divide  between 
Little  Oak  and  Oak  Creeks;  very  locally  common. 
May-June.  15388. 

Holodiscus  dumosus  (Nutt.)  Heller.  Occasional  in 
rocky  places  in  pinyon-juniper  and  mountain  brush  com- 
munities. June-July.  14469,  17348. 

Ivesia  gordonii  (Hook.)  T.  &  G.  in  Newberry.  Seen 
only  at  head  of  Eightmile  Creek,  rock  outcrops,  moun- 
tain brush-fir  zone.  June-July.  14936,  17236. 

Petrophytum  caespitosum  (Nutt.)  Rydb.  Very  locally 
common  on  faces  of  rock  outcrops,  probably  most  com- 
mon on  limestone.  July- August.  15830. 

Physocarpus  malvaceus  (Greene)  Kuntze.  Seen  only 
at  Buck  Hollow  and  Lyman  Canyon,  rocky  canyon  sides, 
north  exposure,  white  fir-oak-maple  community,  locally 
common  at  both  places.  June.  15603,  17947. 


Potentilla  biennis  Greene.  Infrequent  along  drainage 
bottoms  in  the  mountain  brush  zone.  June-August. 
14433,  15584. 

Potentilla  concinna  Richards,  var.  bicrenata  (Rydb.) 
Welsh  &  Johnston  Seen  only  at  the  divide  between  Ly- 
man Canvon  and  Dry  Creek.  June.  16887. 

Potentilla  glandulosa  Lindl.  Occasional  in  rockv 
places  in  mountain  brush  zone.  June-August.  14003, 
15595. 

Potentilla  gracilis  Dougl.  Seen  only  at  the  windswept, 
gravelly  pass  between  Lyman  Canyon  and  Dry  Creek. 
June.  16885. 

Prunus  virginiana  L.  Occasional  and  locally  abundant 
along  drainages  and  on  slopes  in  the  moutain  brush 
zone.  May-June.  13992. 

Purshia  tridentata  (Pursh)  DC.  Occasional  to  abun- 
dant in  Vasey  sagebrush-juniper,  pinyon-juniper,  and 
mountain  brush  commimities;  sometimes  common  on 
aeolian  sand  with  juniper.  May-June.  13898,  13917, 
14106,  14107. 

Rosa  woodsii  Lindl.  Occasional  to  locally  common 
along  drainages.  June-July.  14296,  17946. 

Rubus  leucodermis  Dougl.  Infrequent  along  drain- 
ages, usually  in  mountain  brush  and  aspen  communities. 
June-July.  14435. 

Sanguisorba  minor  Scop.  Introduced  from  the  Old 
World,  used  in  recent  rangeland  seedings,  particularly 
in  the  pinyon-juniper  zone.  June.  15691,  16823. 

Rubiaceae 

Galium  aparine  L.  Occasional  to  common  in  pinyon- 
juniper,  oak,  and  narrowleaf  cottonwood  comnuinities, 
often  along  ephemeral  drainages.  May-July.  13802, 
14009,  14137,  14196,  14447. 

Galium  bifolium  Wats.  Seen  at  only  one  location  on  a 
rock  outcrop  in  a  moimtain  brush  community  near  Pauls 
Meadow.  June-July.  15630. 

Salicaceae 

Populus  angustifolia  James.  Common  to  dominant 
tree  along  some  drainages  of  permanent  or  nearly  per- 
manent waterflow.  May-June. 

Populus  tremuloidcs  Michx.  Common  to  dominant 
tree  on  mesic  slopes  and  along  drainages.  April-May. 

Salix  exigua  Nutt.  spp.  melanopsis  (Nutt.)  Cronq.  Oc- 
casional or  locally  common  along  drainages;  usually  in 
and  below  the  pinyon-juniper  zone.  April-May. 

Salix  lasiandra  Benth.  Rather  rare,  along  streams. 
May-J\me.  17313. 

Salix  lasiolepis  Benth.  Infrequent  along  drainages 
within  the  pinyon-juniper  and  mountain  brush  zones. 
April-May.  13990,  15315,  16391,  16829. 

Salix  lutea  Nutt.  Seen  in  Oak  Creek  Canyon,  wet 
places.  May-June.  16878. 

Salix  scouleriana  Barratt  in  Hook.  Infrequent  along 
drainages  in  mountain  brush,  aspen,  and  fir  commu- 
nities. April-May.  15252,  15622,  17314,  17944. 

Santalaceae 

Comandra  umbellata  (L.)  Nutt.  Occasional  in  many 
plant  communities.  May-July.  13831,  13899,  15814. 
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Saxifragaceae 

Heuchera  parvifolia  Null.  Occasional  in  pinyon-jnni- 
per  and  mountain  brush  communities,  usually  in  rocky 
places.  June-July.  14033,  15594,  15598. 

Heuchera  rubescens  Torr.  Occasional  to  common  in 
crevices  of  ledges  and  cliffs  at  the  upper  edge  of  the  pin- 
yon-juniper  zone  and  upward.  June-July.  14168,  15597, 
15823. 

Lithophragma  glabra  Nutt.  Infrequent  or  occasional 
in  sagehnish,  pinvon-juniper,  and  mountain  brush  com- 
munities. .\pril-Mav.  14353A,  15295,  15321;  Welsh 
16592. 

Lithophragma  pariiflora  (Hook.)  Nuft.  The  two 
specimens  seen  are  from  oak  communities  in  Oak  Creek 
Canyon.  .'Kpril-May.  18734;  Cottam  &  McMillan  9616. 

Mitella  stauropetela  Piper.  Seen  only  in  Eightmile 
Creek  in  a  white  fir  community.  June.  14425,  17227. 

Ribes  aureum  Pursh.  Infrequent  to  very  locally  com- 
mon along  drainages.  Mav-June.  17453;  Welsh  et  al. 
17453. 

Ribes  cereum  Dougl.  Collected  once  from  Hard- 
scrabble  Canyon  from  a  pinyon-juniper-mahogany  com- 
munity. June.  16842. 

Ribes  velutinum  Greene.  Infrequent,  usually  in  rocky 
places  in  the  mountain  brush  zone.  June.  14328,  15323; 
Welsh  16423. 

Ribes  wolfii  Rothr.  Infrequent,  Douglas-fir-white  fir 
communities,  usually  in  rocky  places.  July.  14372,  17230, 
17945. 

Saxifraga  rhomboidea  Greene.  Seen  in  a  drying 
meadow  of  forbs  at  an  ecotone  between  a  low  sagebrush 
and  white  fir  community  at  the  divide  between  Oak 
Creek  and  Little  Oak  Creek,  and  in  pockets  of  soil  in  a 
massive  quartzite  outcrop  in  upper  Lyman  Canyon. 
May.  15389,  16884. 

Scrophulariaceae 

Castilleja  chromosa  A.  Nels.  Occasional  to  common 
in  sagebmsh,  pinyon-juniper,  and  mountain  brush  com- 
munities. May-June.  13768,  13814,  14030;  Welsh  16416. 

Castilleja  linariifolia  Benth.  in  DC.  Occasional  in 
Vasey  sagebrush  and  moimtain  brush  communities. 
June-July.  15142. 

Collinsia  parviflora  Dougl.  ex  Lindl.  Occasional  to 
abundant  in  many  plant  communities  over  a  wide  eleva- 
tional  range.  April-June.  13771;  Welsh  16415. 

Limnosella  aquatica  L.  Seen  only  at  East  Fork  Eight- 
mile  Canyon,  wet  soil  along  the  stream  and  around 
springs.  14186. 

Mimetanthe  pilosa  (Benth.)  Greene.  Seen  only  at 
West  Fork  Eightmile  Creek,  ephemeral  drainage  bottom 
in  juniper  community.  June.  14114. 

Mumuliis  guttatus  Fisch.  Occasional  in  wet  places, 
usually  in  and  above  the  pinvon-juniper  zone. 
June-August.  14290,  17233. 

Nama  densum  Lemmon.  Seen  only  at  single  location 
in  Whiskey  Creek  drainage  on  aeolian  sand  in  a  juniper 
community.  June.  15563. 

Penstemon  angustifolitis  Nutt.  Very  locally  common 
on  aeolian  sand  in  C'lav  Springs  Wash,  sagebrush  and 
jimiper  communities.  May-June.  15402,  15403. 

Penstemon  confusus  A.  Nels.  Seen  only  on  old  Lake 
Bonneville  deposits  of  sandy  clay  above  the  Sevier  River 
at  the  extreme  north  limit  of  the  area.  May.  15360. 


Penstemon  cyananthus  Hook.  Rare  in  pinyon-jimiper, 
Vasey  sagebrush,  and  mountain  brush  communities. 
June-July.  14352,  17239.  Plants  of  the  area  might  be 
referable  to  ssp.  longiflorits  Pennell. 

Penstemon  eatonii  Gray.  Occasional  in  pinyon-juniper 
comnnmities.  June.  13948,  15567. 

Penstemon  humilis  Nutt.  Occasional  in  pinyon-juni- 
per and  mountain  brush  commiuiities,  often  in  rocky 
places.  May-June.  13882,  13893,  14167,  15631,  16825. 

Penstemon  leonardii  Rydb.  Very  locally  common  in 
rocky  places  near  the  crest  of  the  Canyon  Mountains 
with  mountain  brush  and  scattered  fir.  Jidy.  14340, 
15793. 

Verbascum  thapsus  L.  Occasional,  usually  in  and  be- 
low the  pinyon-juniper  zone,  adventive  on  disturbed 
ground.  June-August.  14283. 

Veronica  americana  Schwein.  in  DC.  Infrequent, 
aquatic  or  in  mud.  Jime-August.  14185,  17323. 

Veronica  anagallis-aquatica  L.  Infrequent,  aquatic  or 
in  mud.  June-August  14183,  17324;  Welsh  et  al.  17445. 

Veronica  biloba  L.  Common  to  abundant  in  many 
plant  communities,  most  common  along  drainages  and 
in  canyons,  adventive  on  disturbed  ground.  Mav-Jime. 
13775,'l3890,  13931,  15400;  Welsh  16430. 

Veronica  peregrina  L.  Infrequent  along  drainages, 
usually  in  mountain  brush,  aspen,  or  fir  communities. 
June-July.  14184.  14443. 

Selaginellaceae 

Selaginella  watsonii  Underw.  Occasional  in  rocky 
places  in  and  above  the  pinyon-juniper  zone.  14355. 

Solanaceae 

Nicotiana  attenuata  Torr.  Occasional  to  locally  com- 
mon in  juniper-sagebrush  communities,  adventive  on 
disturbed  ground,  and  locally  abundant  on  charred  soil 
where  slash  piles  from  chainings  have  been  burned. 
June-July.  14202. 

Solanum  triflorum  Nutt.  Occasional  adventive  on  dis- 
turbed groiuid;  the  few  plants  seen  were  in  juniper  and 
sagebrush  areas  that  had  been  chained.  June-September. 
14163,  14945,  16384. 

Ulmaceae 

Celtus  reticulata  Torr.  Occasional  along  intermittent 
drainages  of  lower  West  Eightmile  Creek.  June.  14102. 

Urticaceae 

Urtica  dioica  L.  spp.  gracilis  (Ait.)  Seland.  Occasional 
along  drainages.  June-July. 

Valerianaceae 

Plectritis  macrosera  T.  &  G.  Occasional  and  locally 
common  in  pinyon-juniper  communities  and  especially 
under  juniper  trees  and  along  drainages.  May-June. 
13799,  13927,  14115;  Welsh  16404. 

Verbenaceae 

Verbena  bracteata  Lag.  &  Rodr.  Common  to  abun- 
dant usually  in  and  below  the  pinyon-juniper  zone,  ad- 
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ventive  on  disturbed  ground,  and  mostly  along  roads. 
June-July.  13973,  14087,  14203. 

Violaceae 

Viola  nephrophylla  Greene.  Infrequent  along  drain- 
ages, usually  in  the  mountain  brush  zone.  May-June. 
15376. 


Viola  nuttallii  Pursh  var.  major  Hook.  Seen  at  two 
stations  in  Davison  Canyon-Buck  Hollow  area  of  Fool 
Creek  drainage,  in  white  fir-aspen-snowberry  and  oak- 
maple  communities.  June.  15613,  15620;  Welsh  16426. 

Viola  purpurea  Kell.  Infrequent  along  dry  drainage 
bottoms  in  sagebrush-juniper  communities,  occasional  in 
rocky  snowbank  areas  up  to  the  crest  of  the  Canyon 
Mountains.  April-June.  13813,  14352a,  15288. 


IN  VITRO  DIGESTIBILITY  OF  KOCHIA  PROSTRATA  (L.)  SCHRAD.' 

Bruce  L.  Welch-  and  James  N.  Davis- 

Abstract.—  In  vitro  digestibility  was  determined  for  13  accessions  of  Kochia  prostrata.  Vegetative  samples  were 
collected  in  Febniary  and  April.  No  significant  differences  in  digestibility  were  detected  due  to  month  sampled  or 
among  accessions.  The  mean  in  vitro  digestibility  of  the  13  accessions  was  32.2%  of  dry  matter  digested.  The 
accessional  range  was  from  20.2  to  38.0%  of  dry  matter  digested. 


Kochia  prostrata,  commonly  referred  to  as 
prostrate  summer  cypress,  is  being  tested  as  a 
potential  forage  plant  for  western  United 
States  ranges.  It  was  first  introduced  from 
Russia  during  the  early  1960s  (Keller  and 
Bleak  1974).  Limited  nutritive  studies  have 
been  conducted  on  accessions  of  K.  prostrata 
(Davis  1979).  Winter  crude  protein  varied 
from  5.4  to  10.9%  (Davis  1979,  Davis  and 
Welch  1984).  Winter  carotene  content  varied 
from  1.3  to  12.1  mg/100  g  of  dry  matter 
(Davis  1979).  Winter  digestibility  for  K.  pro- 
strata  has  not  been  studied.  Therefore,  we 
undertook  this  study  to  determine  the  in  vitro 
digestibility  of  accessions  of  K.  prostrata 
grown  on  a  uniform  garden. 

Materials  and  Methods 

Thirteen  accessions  of  K.  prostrata  were 
selected  to  study  in  vitro  digestibility  from  a 
uniform  garden  located  at  Ephraim,  Utah. 
The  soiu-ce  of  the  genetic  materials  for  the 
accessions  used  in  this  study  is  given  in  Table 
1.  For  each  accession  five  plants  were  se- 
lected at  random  to  furnish  a  composite  veg- 
etative sample  needed  for  the  digestion  trials. 
The  same  plants  were  used  throughout  the 
study.  Vegetative  samples  were  collected  in 
February  and  April  1982.  During  this  part  of 
the  year,  K.  prostrata  plants  consist  of  two 
types  of  vegetative  tissues,  the  "upper"  and 
"lower"  parts  of  the  stem.  The  upper  stem  is 
that  part  of  the  stem  where  the  seed  was  de- 
veloped and  has  since  shattered,  leaving  a 
dry,  brownish,  somewhat  erect  vegetative 
shoot.  The  lower  stem  is  that  part  of  the  stem 


where  green  leaves  begin.  Both  types  of  tis- 
sue were  sampled  from  the  selected  plants. 
Samples  were  ovendried  at  100  C  for  48 
hours.  Then  they  were  ground  in  a  Wiley 
mill,  passed  through  a  1-mm  screen,  and 
stored  in  airtight  containers. 

We  used  the  in  vitro  digestibility  pro- 
cedure as  outlined  by  Pearson  (1970).  Data 
were  expressed  as  a  percent  of  dry  matter  di- 
gested. A  paired  t-test  was  used  to  detect  dif- 
ferences between  upper  and  lower  stem 
samples. 


T.\BLE  1.  Plant  introduction  numbers,  U-numbers  of 
the  Utah  Division  of  Wildlife  Resources  W-82-R,  soil 
types,  and  location  for  Kochia  prostrata  accessions  used 
in  this  study. 


Pino. 

Uno. 

Soil  type 

Location 

330708 

U-1 

• 

Tehran,  Iran 

314929 

U-2 

" 

Stavropol,  Russia 

° 

U-3 

° 

Yun  Dudar,  Russia 

356824 

U-5 

Salty 

Actobinsk,  Russia 

356823 

U-6 

Sandv 

Actobinsk,  Russia 

.356822 

U-7 

Clay' 

Ural  Mountains, 
Russia 

356821 

U-8 

Salty 

Actobinsk,  Aral  Sea, 
Russia 

356825 

U-9 

Clay 

.Actobinsk,  Russia 

356826 

U-10 

Salty 

Actobinsk,  Ural 
Mountains,  Russia 

356819 

U-11 

Salty 

Actobinsk,  Aral  Sea, 
Russia 

356820 

U-12 

Sandy 

Actobinsk,  Aral  Sea, 
Russia 

356818 

U-13 

Clay 

Actobinsk,  Aral  Sea, 
Russia 

.356817 

U-14 

Salty 

Actobinsk,  Aral  Sea, 
Russia 

"Information  not  available 


'This  article  was  written  by  a  United  States  government  employee  and  a  federal  cooperator  on  official  time,  and  it  is  therefore  in  the  public  domain. 
'Intermountain  Forest  and  Range  Experiment  Station,  Shrub  Sciences  Laboratory,  735  North  500  East,  Provo,  Utah  84601. 
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Table  2.  In  vitro  digestibility  of  the  lower  vegetative 
stem  samples  of  Kocliio  prostmta  for  the  months  of  Feb- 
niarv  and  April.  Data  are  pooled  for  the  two  months 
and  expressed  as  a  percent  of  dry  matter  digested. 


Table  4.  In  vitro  digestibility  of  winter  range  forages. 


%dry 

%  drv 

Accession 

matter 

Accession 

matter 

no. 

digested 

no. 

digested 

11 

28.1 

2 

32.2 

12 

28.6 

10 

33.6 

6 

28.6 

9 

33.9 

7 

29.8 

1 

.36.2 

1.3 

.30.3 

3 

36.4 

8 

31.4 

5 

38.0 

Table  3.  In  vitro  digestibilitv  of  the  upper  vegetative 
stem  samples  of  Kpcliia  prostmta  for  the  months  of  Feb- 
niarv  and  .\pril.  Data  are  pooled  for  the  two  months 
and  expressed  as  a  percent  of  dry  matter  digested. 


%  drv 

%  drv 

Accession 

matter 

Accession 

matter 

no. 

digested 

no. 

digested 

11 

6 

7 

9 

10 

13 

14 


20.2 
21.5 
21.6 
22.8 
23.0 
26.0 
26.2 


12 

8 
1 
2 
5 
3 


26.4 
27.7 
28.6 
29.7 
33.0 
35.8 


Results  and  Discussion 

No  significant  differences  were  detected 
between  months  (February  and  April),  or 
among  vegetative  stem  samples  for  (upper 
and  lower)  accessions.  A  t-test  did  show  a  sig- 
nificant difference  between  upper  and  lower 
vegetative  stem  samples.  The  lower  samples' 
in  vitro  digestibility  on  an  accessional  basis 
ranged  from  28.1  to  38.0%  of  dry  matter, 
with  a  mean  of  32.2  percent  (Table  2).  In  vi- 
tro digestibility  on  an  accessional  basis  for 
upper  vegetative  samples  ranged  from  20.2 
to  35.8%,  with  a  mean  of  26.3%  of  the  dry 
matter  (Table  3). 

As  a  winter  forage,  Kochia  prostroto  is  low 
in  digestibility  (Table  4).  It  ranks  24th  in  the 
winter  forages  listed  in  Table  4.  Winter 


Winter 
forage 


Drv  matter 
digestibility 

(%)  Reference" 


Aspen  57.4  1 

Bigsagebnish  57.3  2,3,4,5,6,7,10 

Bud  sagebrush  57.0  8 

Wood  rose  54.5  1 

Sand  dropseed  grass  53.2  8 

Black  sagebrush  53.1  8 

Rose  hips  51.1  6,7 

Indian  rice  grass  50.0  8,10 

Bluestem  wheatgrass  49.6  10 

Curl-leaf  mahogany  49.1  4,6 

Galleta  48.2  8 

\eedle-and-thread  47.0  10 

Bluebunch  wheatgrass  45.5  10 

Common  winterfat  44.7  8 

Rubber  rabbitbrush  44.4  10 

Shadscale  43.4  8 

Western  snowberrv  41.0  1 

Chokecherry  '  38.8  1,11 

Fourwing  saltbush  38.3  9 

Cliffrose^  37.6  12 

Desert  bitterbrush  35.8  12 

Prostrate  summer  cypress  32.2  this  study 

Apache-plume  29.8  12 

Gambel  oak  28.1  2 

Antelope  bitterbrush  25.6  4,6,12 

True  mahogany  24.4  4,6,10 


°1.  Dietz  1972. 
2.  Kufeldet  al.  1981. 
.3.  Sheehy  1975. 
4.  Urness  et  al.  1977. 
.5.  Wallmo  et  al.  1977 
6.  Welch  and  Pederson  1981. 


7.  Pederson  and  Welch  1982. 

8.  Welch  et  al.  1983a. 

9.  Welch  and  Monsen  1984. 

10.  Ward  1971. 

11.  Uresketal.  1975. 

12.  Welch  et  al.  1983b. 


crude  protein  content  has  been  reported  to 
be  8.5%  (Davis  1979).  Thus,  Kochia  prostrata 
could  be  used  to  increase  winter  supplies  of 
crude  protein  while  increasing  diversity  of 
forage. 
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HABITAT  RELATIONSHIPS  OF  GLAUX  MARITIMA  IN  CENTRAL  UTAH 

Jack  D.  Brotherson'  and  Sarah  J.  Barnes' 

,\bstract.—  Thirtv-five  study  sites  were  established  in  the  meadow  communities  surrounding  Utah  Lake  in  cen- 
tral Utah.  The  study  sites  ranged  across  several  commimity  types.  Glaux  maritima  was  found  in  all  sites  but  varied  as 
to  its  ecological  importance  in  these  communities.  Si.xteen  soil  factors  were  measured  relative  to  the  stands  studied. 
Clover  of  Glaux  ituihtinui  correlated  with  parts  per  million  sodium  and  total  soluble  salts  in  the  soil.  No  other  factors 
correlated  significantly  with  the  cover  of  Glaux  maritima.  Glaux  maritima  occupied  only  those  sites  with  high  levels 
of  moisture  throughout  the  growing  season.  The  high  moisture  levels  came  from  springs,  seeps,  elevated  water  tables, 
and  earlv  seasonal  inundation.  High  levels  of  Glaux  maritima  cover  corresponded  to  low  numbers  of  species  in  the 
habitat. 


Glaux  inaritirna  (Sea  milkwort)  is  known  in 
the  geological  record  from  organic  deposits 
of  Devensian  (last  glacial)  age  from  England 
and  Europe  (Adam  1977).  It  is  a  succulent, 
halophytic  forb  whose  optimal  growth  occurs 
in  habitats  with  moderately  to  highly  saline 
soils.  In  tlie  northern  hemisphere,  it  is  re- 
stricted to  coastal  tidal  and  inland  alkaline 
marshes  and  meadowland  areas  (Hitchcock 
and  Cronquist  1973). 

Most  of  the  research  on  Glaux  maritima 
has  been  done  in  Europe  and  has  emphasized 
its  physiological  and  histological  character- 
istics. Rozema  and  Riphagen  (1977)  found 
that  the  more  saline  the  soil,  the  more  salt 
was  secreted  by  its  salt  glands.  The  structure 
and  fimction  of  the  salt  gland  itself  was  stud- 
ied in  depth  by  Rozema  et  al.  (1977).  Rozema 
(1975)  stated  that  there  was  no  conclusive 
evidence  to  prove  that  salinity  has  a  stimu- 
lating influence  on  the  growth  of  this  species. 
Carbohydrate  concentrations  in  the  hiber- 
nacle  roots  of  G.  maritima  were  studied  by 
Grandin  (1973).  Other  research  on  its  biology 
includes  salt  secretion  (Rozema  et  al.  1981), 
nitrogen  metabolism  (Stewart  et  al.  1973), 
the  effects  of  sodium  chloride  and  soil  water 
saturation  on  the  development  and  carbohy- 
drate and  mineral  content  of  the  plant  (Gran- 
din 1981),  geographic  distribution  patterns 
(Dapper  1969,  Rozema  1975,  and  Toman 
1976),  population  dynamics  (Rozema  et  al. 
1978),  and  soil  relationships  (Konovov  1978). 
Little  if  any  has  been  written  on  the  habitat 


and  community  relationships  of  Glaux  mari- 
tima in  North  America. 

The  purpose  of  this  paper  is  to  discuss  the 
habitat  and  community  relationships  of 
Glaux  maritima  in  central  Utah.  An  under- 
standing of  these  factors  should  be  of  value  to 
the  management  of  wetland  habitats  in- 
volving this  species. 

Study  Area 

The  study  sites  (35)  were  established  in 
meadows  surrounding  Utah  Lake  in  Utah 
County,  Utah  (Lat.  40°10'N,  Long. 
11°50'W),  where  the  mean  elevation  above 
sea  level  was  1377  m.  Weather  information 
characteristic  of  the  study  site  is  best  repre- 
sented from  data  taken  at  the  Provo  City  air- 
port, which  lies  within  the  community 
boundaries  being  studied.  Average  temper- 
atures range  from  33  C  in  July,  the  hottest 
month,  to  3  C  in  January,  the  coldest.  Precip- 
itation is  in  the  form  of  both  snow  and  rain, 
averaging  340  mm  annually,  with  60%  falling 
during  the  winter  and  spring  months.  The  an- 
nual precipitation  of  adjacent  mountain 
ranges  averages  from  760  to  1270  mm  (Mor- 
den  1980). 

Materials  and  Methods 

Thirty-five  study  sites  were  randomly  se- 
lected from  saline  meadow  communities  in 
the  Utah  Lake  area  (Fig.   1).  A  10  x  10  m 
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Fig.  1.  Map  showing  the  locations  of  35  study  sites 
near  Utah  Lake  in  central  Utah. 

study  plot  (0.01  ha)  was  established  at  each 
site.  Study  plots  were  delineated  by  a  cord  40 
m  long  with  loops  every  10  m  for  corners. 
The  comers  were  secured  by  steel  stakes. 
Each  plot  was  subsampled  with  twenty  0.25 
m^  quadrats  distributed  across  the  surface  of 
the  plot  in  a  grid  of  five  evenly  spaced  trans- 
ects of  four  quadrats  each.  This  placement 
kept  the  quadrats  equal  distances  from  each 
other  and  spread  them  uniformly  across  the 
plot. 

Total  living  plant  cover,  plant  cover  by 
life  fonu  (i.e.,  trees,  shrubs,  subshrubs,  per- 
ennial forbs,  perennial  grasses,  sedges,  rushes, 
annual  grasses,  annual  forbs,  cryptogams),  lit- 
ter, exposed  rock,  bare  soil  were  ocularly  es- 
timated from  each  quadrat  following  a  pro- 
cedure suggested  by  Ostler  (1980).  Cover  for 
all  plant  species  encountered  was  also  esti- 
mated iLsing  the  cover  class  categories  sug- 
gested by  Daubenmire  (1959).  In  addition,  all 
species  occurring  within  the  study  plot  but 
not  encountered  in  the  quadrat  subsamples 
were  listed  and  given  a  percent  cover  value 


of  0.01  so  they  covild  be  included  in  the  over- 
all data  analyses. 

Three  soil  samples  were  taken  in  each  plot 
(from  opposite  corners  and  the  center)  from 
the  top  20  cm  of  soil  and  later  combined  for 
laboratory  analysis.  This  depth  was  consid- 
ered adequate  because  Ludwig  (1969)  in  a 
study  of  different  foothill  communities  in 
Utah  showed  that  the  surface  decimeter  of 
soil  when  sampled  with  reference  to  mineral 
concentrations  yields  80%  of  the  information 
useful  in  correlations  with  plant  data.  Holm- 
gren and  Brewster  (1972)  also  showed  in  a 
study  of  desert  shrub  communities  in  western 
Utah  that  greater  than  50%  of  the  fine  roots 
(those  most  likely  to  absorb  soil  minerals) 
were  found  concentrated  in  the  upper  15  cm 
of  the  soil  profile.  With  respect  to  grasslands, 
Christie  (1979)  found  that  the  top  layer  of 
soil  is  the  region  of  most  active  mineral 
uptake. 

The  following  characteristics  were  record- 
ed for  each  plot:  elevation  (taken  from  pub- 
lished U.S.  Department  of  Interior  Geologi- 
cal Survey  7.5  minute  series  topographic 
maps);  percent  slope;  slope  position  (1  = 
ridgetop,  2  =  midslope,  3  =  drainage  accu- 
mulation area);  moisture  (1  =  dry,  2  = 
moist,  3  =  wet,  4  =  seasonally  inundated,  5 
=  submerged);  grazing  impact  (0  =  none,  1 
=  light,  2  =  moderate,  3  =  heavy). 

Soil  samples  were  analyzed  for  texture 
(Bouyoucos  1951),  pH,  soluble  salts,  mineral 
composition,  and  organic  matter.  Soil  reac- 
tion was  taken  with  a  glass  electrode  pH  me- 
ter. Total  soluble  salts  were  determined  with 
a  Beckman  electrical  conductivity  bridge.  A 
1:1  soil-water  paste  (Russel  1948)  was  used  to 
determine  pH  and  total  soluble  salts.  Soils 
were  extracted  with  1.0  neutral  normal  am- 
monium acetate  for  the  analysis  of  calcium, 
magnesium,  potassium,  and  sodium  (Jackson 
1958,  Hesse  1971,  Jones  1973).  Zinc,  manga- 
nese, iron,  and  copper  were  extracted  from 
the  soils  by  use  of  DTPA  (diethylenetriam- 
ine-penta-aceticacid)  extracting  agent  (Lind- 
say and  Norvell  1969).  Individual  ion  concen- 
trations were  determined  using  a  Perkin- 
Elmer  Model  403  atomic  absorption  spectro- 
photometer (Isaac  and  Kerber  1971).  Soil 
phosphorus  was  extracted  by  sodium  bicarbo- 
nate (Olsen  et  al.  1954).  Total  nitrogen  analy- 
sis was  made  using  macro-Kjeldahl  pro- 
cedures (Jackson  1958).  Organic  matter  was 
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determined  by  total  carbon  measurement  via 
burning  10  grams  of  soil  sample  at  950  C  in  a 
LEGO  medium  temperature  resistance  fur- 
nace following  methods  described  by  Allison 
(1965). 

Plant  nomenclature  follows  Welsh  and 
Moore  (1973)  for  the  dicotyledons  and 
Gronquist  et  al.  (1977)  for  the  mon- 
ocotyledons. Prevalent  species  (those  most 
frequently  encountered  during  sampling)  of 
the  various  plant  communities  are  reported 
as  equal  to  the  average  number  of  species  per 
0.01  ha  sampling  area  examined  (Warner  and 
Harper  1972). 

Gluster  analysis  techniques  (Sneath  and 
Sokal  1973)  were  applied  to  similarity  index 
values  (in  percent)  computed  via  the  formula: 
SI  =  S  min  (XiYi)/2  max  (XiYi)  where  SI  is 
the  similarity  index  between  two  study  sites: 
the  min  (XiYi)  represents  the  sum  of  the 
minimum  values  from  the  paired  relative 
abimdance  figures  across  all  species  found  in 
stands  (XY),  and  the  max  (XiYi)  represents  a 
similar  figure  for  the  maximum  values  of  the 
same  two  stands  (Ruzicka  1958).  Glustering 
the  above  indices  employed  unweighted  pair 
group  clustering  procedures  (Sneath  and  Sok- 
al 1973).  This  method  computes  the  average 
similarity  of  each  unit  to  the  cluster,  using 
arithmetic  averages.  It  is  widely  used  and  has 
been  found  to  introduce  less  distortion  than 
other  methods  (Kaesler  and  Gairns  1972).  Us- 
ing this  technique  we  expected  to  cluster 
those  stands  which  were  most  alike  together 
and  thus  aid  in  uncovering  relationships  exist- 
ent between  them. 

Data  analysis  consisted  of  computing 
means,  standard  deviations,  and  coefficients 
of  variation  for  all  measured  biotic  and  abiot- 
ic variables  (Ott  1977).  Linear  regression 
analysis  (Gochran  and  Snedecar  1976)  was 
applied  to  the  cover  values  of  Glaux  mari- 
tima in  relationship  to  the  associated  biotic 
and  abiotic  factors  in  the  study  sites  to  deter- 
mine the  degree  to  which  they  were 
associated. 


Results  and  Discussion 

A  total  of  1 10  species  were  encountered  in 
35  stands.  Of  these  110  species,  14  were  con- 
sidered prevalent  species  and  are  shown  in 
Table  1.  The  majority  of  these  species  grow 


on  sites  of  elevated  moisture  levels  in  the  soil 
and  are  to  some  degree  tolerant  of  salinity 
and  alkalinity. 

To  assess  the  relationships  of  Glaux  mari- 
tima to  the  communities  in  which  it  oc- 
curred, a  cluster  analysis  was  performed  (Fig. 
2).  The  cluster  analysis  revealed  the  separa- 
tion of  the  stands  into  six  basic  groups,  with 
two  stands  remaining  apart  from  the  rest. 
These  two  remaining  stands  were  arbitrarily 
designated  as  an  independent  group,  because 
they  do  not  represent  any  particular  commu- 
nity and  are  not  clustered  significantly  with 
the  other  stands. 

The  Spike  Rush  Meadow  stands  (Group  1; 
Fig.  2)  are  situated  in  areas  that  are  often  in- 
undated in  early  seasons  of  the  year  and 
which  have  a  continual  water  supply  (either 
from  springs,  seeps,  or  elevated  levels  of 
ground  water  throughout  the  growing  sea- 
son). They  are  dominated  primarily  by  Eleo- 
charis  pahistris  and  other  sedges,  with  some 
contribution  from  perennial  grasses  and  forbs 
(Table  2). 

The  Marsh  Edge  Meadows  (Group  5;  Fig. 
2)  constitute  a  broadly  scattered  type  occur- 
ring around  the  entire  perimeter  of  the  Utah 
Lake  marsh  as  well  as  being  well  developed 
in  areas  back  from  the  lake  where  there  is 
constant  water  accumulation  from  springs  or 
nmoff.  The  dominant  species  of  this  group  is 
Scirpiis  pungens,  with  Distichlis  spicata, 
Muhlenbergia  asperifolia,  and  Trifoliuin  re- 
pens  as  subdominants  (Table  2).  Although 
these  meadows  are  often  subjected  to  in- 


Table    1.   Prevalent    species   associated   with    sites 
where  Glaux  maritima  was  found  growing. 


Average 

Presence 

Cover 

PxC  index 

(%) 

(%) 

Distichlis  spicata 

11. U 

28.12 

21.69 

Elcocharis  pcilustris 

65.71 

23.65 

15.54 

Jtincus  bahicus 

74.29 

21.70 

16.12 

Scirpus  pungens 

45.71 

16.03 

7.33 

Glaux  maritima 

100.00 

14.32 

14.32 

Carex  praegracilis 

22.86 

6.14 

1.40 

Elaeagnus  angustifolia 

25.71 

5.76 

1.48 

Elcocharis  rostellata 

51.43 

4.77 

2.45 

Crepis  runcinata 

45.71 

4.60 

2.10 

Hordeum  juhatum 

68.57 

3.97 

2.72 

Carcx  acjuatilis 

14.29 

3.81 

0.54 

Mull  Icnhcrgia  asperifolia 

31.43 

3.76 

1.18 

Agrostis  alba 

31.43 

3.52 

1.11 

Brouius  tectorum 

5.71 

3.84 

0.22 
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Percent  Similarity 


Spike  Rush 
Spike  Rush 
Spike  Rush 
Spike  Rush 
Spike  Rush 
Spike  Rush 
Spike  Rush 
Spike  Rush 
Spike  Rush 
Sedge  Grass 
Saline  Meadow 
Saline  Meadow 
Saline  Meadow 
Saline  Meadow 
Sedge  Grass 
Saline  Meadow 
Saline  Meadow 
Saline  Meadow 
Saline  Meadow 
Sedge  Grass 
Sedge   Grass 
Sedge  Grass 
Sedge  Grass 
Sedge  Grass 
Sedge  Grass 
Marsh  Edge 
Marsh  Edge 
Marsh  Edge 
Marsh  Edge 
Sedge  Grass 
Sedge  Grass 
Marsh  Edge 
Tamarix 
Russian  Olive 
Russian  Olive 


•■  Group  I 


►  Group 


Group 


►  Group  IV 


Group  V 


~^  Group  VI 
3  Group  VII 


Fig.  2.  Cluster  diagram  showing  the  relationships  existent  between  35  study  sites  where  Ghiiix  niaiitinui  was 
found  growing.  Relationships  are  based  on  species  cover. 


undation  in  the  early  season,  the  meadows 
are  generally  free  of  standing  water  by  mid- 
summer. Groundwater  levels  are  most  often 
at  or  near  ground  surface. 

The  Saline  Meadow  stands  (Groups  2  and 
.3;  Fig.  2)  occur  around  the  entire  shoreline  of 
the  lake  with  the  exception  of  the  northwest 
comer.  The  soils  in  these  meadows  are  sea- 


sonally wet  and  the  communities  are  domi- 
nated mainly  by  Distichlis  spicata  (Table  2). 
Group  2  can  be  differentiated  from  Group  3 
because  of  the  high  cover  values  of  Eleo- 
charis  palustris  and  Junciis  balticus  in  the 
vegetation.  The  presence  of  these  two  species 
indicates  higher  moisture  levels  in  Group  2 
than  Group  3. 
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Table  2.  Species  encountered  and  the  communities  in  \\hich  tliey  occurred.  Figures  represent  the  mean  cover  in 
the  groups  (Fig.  1). 


Species 


Acfitcd  serriola 

Agropiiron  intermedium 

Af^ropijnm  repen.s 

Ag/(»/)i/rori  ripariiim 

A^ropiiron  smithii 

Agropifron  suhsccinuhnn 

Agmsti.s  alba 

Ambrosia  arteniisiifolia 

Apocijnum  eannabinum 

Aselepias  incarnata 

Asclepias  speciosa 

Asparagus  officinalis 

Aster  brachyactis 

Aster  chilensis 

Atriplex  patula 

Bidens  frondosus 

Bromus  tectorum 
Calamagrostis  canadensis 
Cardaria  draba 
Carcx  (upiatilis 
Carcx  aurca 
Carcx  hoodii 
Carcx  ncbraskensis 
(^arex  pracgracilis 
Carcx  rostrata 
CastUlcja  linariaefolia 
Castilleja  minor 
C'cntauriunt  cxidfatum 
Chcnopodium  album 
Cirsium  ancnsc 
Cirsium  undulatum 
Cirsium  utahense 
Cordi/hinthus  canescens 
Crepis  runcinata 
Cressa  truxUIensis 
Cifperus  erythrorhizos 
Descurainia  sopJiia 
Disticlilis  spicata 
Elaeagnus  angustifolia 
Eleocharis  pahistris 
Eleocharis  rostellata 
Equisetwn  hyemale 
Equisetum  kansanum 
Erigeron  lonchophyUus 
Eupatorium  maculatum 
Festuca  elatior 
Glaux  maritima 
Ghiciirrliizd  Icpidota 
Grindclia  sifuarrosa 
Haplopappus  kinceokitus 
Hclcnium  autumnalc 
Hclianthus  annuus 
Hordcum  brachyantherum 
Hordeum  jubatum 
ha  axilluris 
Juncus  balticus 
Juncus  torreyi 


Sahne         Saline 
Spike       Meadow     Meadow      Sedge- 
Rush  1  2  grass 


0.7 

0.5 

1.6 
0.3 


1.1 
0.6 


0.1 


0.2 
0.1 

1.5 

0.4 


Russian        Inde- 
Marsh         Olive        pendent 


0.1 

0.1 
0.1 


1.1 
1.3 


1.3 


5.8 
1.3 


1.2 

3.0 

0.1 
0.4 
0.6 


0.2 

0.4 

1.1 


1.2 


3.3 


1.1 


4.9 
0.2 


0.6 


11.25 


3.4 
0.1 
13.5 

12.70 
8.2 
0.5 

0.1 
0.1 

8.0 

0.3 

3.3 

19.6 
0.1 

0.5 

35.2 

0.2 

2.4 

0.1 
0.3 

0.2 


16.8 


0.1 


2.6 


— 

53.9 

3.8 

- 

5.6 

1.3 

_ 

4.6 

0.1 

3.9 

1.3 

— 

1.3 

1.3 

- 

45.1 

43.6 

0.7 
0.2 


0.9 
0.1 


0.1 


0.9 
1.0 


1.7 


0.1 

— 

— 

— 

— 

_ 

0.2 

— 

0.3 

— 

1.1 

1.4 

1.0 

3.3 

16.2 

_ 

9.8 

8.1 

— 

— 

19.2 

71.9 

4.5 

24.2 

7.6 

_ 



_ 

0.1 

24.2 


0.1 
0.1 


22.1 


1.2 


_ 



_ 

— 

— 

4.1 

_ 





0.2 

— 

- 

_ 





_ 

— 

— 

0.1 

27.8 

38.4 

69.4 

0.8 

31.0 

26.4 

- 

0.1 

0.1 

— 

- 

0.2 

99.99 

- 

65.6 

16.0 

0.2 

13.5 

1.3 

- 

1.5 

11.4 

3.2 

— 

5.1 

0.1 

- 

2.8 



0.1 

— 

0.2 

0.1 

— 

- 





— 

— 

— 

1.8 

- 

0.1 

_ 

— 

— 

- 

- 

- 





_ 

— 

.3.1 

— 

- 

0.2 

0.1 

_ 

7.1 

0.1 

- 

- 

20.0 

9.3 

14.9 

14.2 

11.8 

1.2 

18.2 





_ 

0.3 

— 

— 

— 

_ 



_ 

_ 

0.1 

— 

0.1 


10.2 
0.4 
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Species 


Saline         Saline 
Spike       Meadow    Meadow      Sedge- 
Rush  1  2  Grass 


Marsh 


Russian         Inde- 
Olive        pendent 


Kodiia  scoparia 
Koelarki  crisiata 
Lactuca  scariohi 
Lepiditim  nu>ntanu)ii 
Lepiilitim  peifoliatiini 
Lifcopus  americanus 
Lijcopufi  lucidus 
Medicago  Itipulina 
Melilotus  alha 
Melilotiis  officimdis 
Mendui  arvcnsis 
Middcnhergki  (inscrina 
Midi Icnbergia  asperifoUa 
Pariiciini  capdiare 
Panicum  lirgafum 
Pldaiis  anindinacea 
Plaiitago  kinceolata 
Plantaop  major 
Poa  neiadcnsis 
Poii  prat  ens  is 
Pohjopman  coccineitm 
Pohiaontim  pennstjhaiiicuni 
Poh/ooniini  raniosissimitni 
Poh/pogon  monspclicnsis 
Potentdla  anserina 
Potentdki  gracilis 
PttccineUia  airoides 
Raniincidiis  ctjmhahiria 
Ranunculus  testiciihittis 
Rumex  crisptts 
Ruppia  maritittia 
Salicornia  rubra 
Scirpits  americanus 
Scirpus  pallidus 
Scirptis  pungcns 
Senecio  liiidiojihiillus 
Sisijrinchiuiii  luilophditm 
Sonchus  asper 
SphenophoUs  ohtusata 
Sporoholus  airoides 
Siiaeda  depressa 
Tamarix  ramosissima 
Taraxacum  officinale 
Tragopogon  duhius 
Trifolium  pratense 
Trifoliitm  repcns 
Triglochin  maritima 
Verbena  hastata 
Veronica  aqiiatica 
Viguiera  ciliutu 
Viola  nephrophijlla 
Xandiocepliahtm  sarothrae 
Xandiiiim  strumariiiin 


0.1 

1.8 


0.1 
0.6 


0.1 
1.2 
0.2 
0.2 


4.6 
1.4 


— 

0.8 

— 

0.5 

1.1 

— 

0.1 

— 

0.1 

— 

0.1 

2.5 

0.4 


0.1 


0.2 


0.1 


0.1 


— 

— 

— 

4.2 

0.9 

_ 

_ 

— 

1.1 

— 

_ 

_ 

15.9 

0.:3 

1.7 

0.9 

— 

0.1 

3.3 

1.1 

— 

0.1 

— 

- 

- 

— 

0.2 

— 

— 

- 

_ 

— 

— 

— 

0.9 

_ 

0.2 

— 

— 

— 

2.4 

0.1 

- 

- 

0,1 

2.3 

67.6 

1.0 

0.4 

0.4 

7.1 

_ 

1.0 

— 

1.9 

— 

0.1 

0.1 

— 

0.5 

0.6 

— 

— 

— 

0.4 

0.7 

0.3 

0.5 

— 

— 

- 

0.4 

0.5 

0.4 

- 

— 

_ 

— 

4.9 

— 

— 

— 

— 

— 

- 

0.2 

- 

0.2 

- 

2.5 

3.8 

_ 

_ 

0.3 

2.0 

17.5 

— 

— 

— 

20.1 

0.1 

0.1 

— 

13.4 

4.1 

2.8 

0.3 

- 

- 

- 

- 

_ 

5.1 

_ 

_ 



_ 

12.2 

— 

— 

— 

1.7 


1.2 


50.0 


3.9 


29.9 


— 

— 

— 

3.6 

— 

— 

0.1 

0.1 

0.1 

— 

— 

0.1 

0.10 

1.1 

- 

- 

3.9 



6.9 



0.3 

— 

— 

— 

_ 

_ 

0.7 

— 

— 

0.1 

— 

1.3 

1.5 

16.3 

— 

— 

— 

0.5 

22.4 

— 

0.2 

_ 

— 

— 

0.7 

0.4 

1.0 

— 

_ 

0.4 

— 

— 

_ 

0.1 

1.3 

— 

1.0 


0.4 
0.7 


1.3 


40.3 


50.0 


0.1 


3.8 


0.8 
0.1 


The  Russian  olive  communities  (Group  6; 
Fig.  2)  are  scattered  all  around  the  lake  but 
are  foimd  in  small  acreages.  Russian  olive  is 


an  introduced  species  that  has  invaded  prin- 
cipally into  the  sedge-grass  meadow  areas. 
Elaeagnus  angustifolia  is  the  dominant  over- 
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story  species,  and  the  iinderstory  is  domi- 
nated by  Scirpus  pungens  and  several  weed 
species. 

The  grass-sedge  meadows  (Group  4;  Fig.  2) 
are  distributed  around  the  lake  on  its  north, 
east,  and  south  boundaries  but  extend  back 
from  the  marsh  edge  meadows  toward  higher 
and  drier  ground.  These  areas  are  seasonally 
saturated,  but  excess  water  generally  has 
drained  away  by  late  spring.  Groundwater 
levels  are  high  all  season  in  these  areas.  Sed- 
ges dominate  the  cover. 

The  differentiation  of  the  cluster  groups 
(Fig.  2)  appears  to  be  related  to  the  moisture 
and  salt  tolerance  relationships  of  the  domi- 
nant species.  All  groups  are  either  seasonally 
inundated  part  or  all  of  the  year  or  expe- 
rience elevated  levels  of  groundwater 
through  the  growing  season.  The  moisture 
levels  so  close  to  the  surface  are  due  to 
ground  water,  springs,  and  seeps.  The  spike- 
rush  and  marsh  edge  commimities  have  con- 
sistently high  water  tables,  whereas  the  other 
commimities  may  experience  lowered  water 
tables  late  in  summer. 

Tlie  difference  between  the  saline  meadow 
groups  (Groups  2  and  3;  Fig.  2)  is  probably 
moisture  and  soluble  salts  related.  Group  2 
has  lower  salt  levels  and  more  moist  soils  and 
occupies  the  edge  of  the  marsh.  The  stands  in 
the  group  are  dominated  by  Distichlis  spi- 
cata,  along  with  Eleocharis  pahistris,  Junciis 
balticiis,  Carex  aqiiatilis,  and  Viola  nephro- 
phyUa.  All  of  these  species  are  associated 
with  high  levels  of  moisture  in  the  soil.  The 
Group  3  stands  occupy  a  somewhat  "drier", 
more  saline  habitat  and  are  dominated  by 
Distichlis  spicata,  PucineUia  oeroides,  and 
Triglochin  maritima.  All  are  species  adapted 
to  the  drier  and  more  saline  end  of  the 
gradient. 

Sixteen  soil  factors  were  measured  relative 
to  the  35  stands  studied.  They  are  listed  along 
with  their  mean  and  standard  deviations  in 
Table  3.  The  relation  of  these  factors  to  the 
groups  described  in  Figure  1  is  shown  in 
Table  4.  Correlation  analysis  was  conducted 
to  assess  any  relationships  between  Glaux 
maritima  cover  and  other  habitat  factors 
(Table  5). 

An  interesting  relationship  shown  from 
correlation  analysis  is  that  between  the  grass 
and  sedge   life   forms.   They   are   negatively 


correlated  (p  <  .001).  As  grass  cover  increas- 
es, sedge  cover  decreases.  Several  soil  miner- 
als are  correlated  to  this  relationship.  Iron  is 
positively  correlated  with  sedges  (p  <  .05), 
indicating  that  where  sedge  cover  is  high  iron 
is  also  high.  On  the  other  hand,  iron  is  negati- 
vely correlated  with  grasses  (p  <  .01).  Potas- 
sium shows  an  opposite  pattern.  Potassium  is 
positively  correlated  with  grasses  (p  <  .01) 
and  negatively  correlated  with  sedges  (p  < 
.05).  Magnesium  (p  <  .05)  and  pH  (p  <  .01) 
also  show  positive  correlation  to  grasses,  yet 
show  no  significant  relationships  with  sedges. 
These  relationships  generally  reflect  the  im- 
portance of  a  moisture  gradient  in  vegetation 
patterns  described  above.  Sedges  occupy  the 
wetter  habitats. 

Glaux  maritima  cover  is  uniformly  dis- 
tributed throughout  the  various  groups  (Fig. 
2;  Table  2),  with  the  exception  of  the  Russian 
olive  communities.  The  Russian  olive  stands 
are  in  pastures  that  are  subjected  to  irrigation 
throughout  the  growing  season.  The  drastic 
decrease  in  Glaux  maritima  cover  in  the  Rus- 
sian olive  stands  was  also  shown  in  the  corre- 
lation analysis,  where  Glaux  maritima  was 
negatively  correlated  to  tree  cover  (p  <  0.1). 

Trees  as  a  life  form  were  positively  corre- 
lated with  potassium  (p  <  .05)  and  phos- 
phorus (p  <  .01).  This  relationship  is  also 
shown  in  Table  4,  where  the  ppm  for  both 
these  elements  in  the  soil  is  somewhat  higher 
in    the    Russian    Olive    communities.    This 

Table  3.  Soil  factors  in  sites  where  Glaux  maritima  is 
found  growing,  along  with  their  means,  standard  devia- 
tions, and  coefficients  of  variation. 


Standard 

Coefficient  of 

Soil  factor 

Mean 

deviation 

variation 

P  (ppm) 

9.7514 

6.05 

0.6204 

N  (%) 

0.33567 

0.179 

0.5.333 

Ca  (ppm) 

16392 

20063 

1.224 

Mg  (ppm) 

1648.3 

1051 

0.6376 

K  (ppm) 

554.81 

406 

0.7318 

Na  (ppm) 

1252.8 

891 

0.7112 

Fe  (ppm) 

57.712 

54.5 

0.9443 

Mn  (ppm) 

36.820 

143 

3.884 

Zn  (ppm) 

6.1794 

9.81 

1.588 

Cu  (ppm) 

4.4754 

2.41 

0.5385 

C  (%) 

9.9783 

8.55 

0.8569 

Sand  % 

25.003 

14.6 

0.5839 

Silt  % 

43.577 

1.3.0 

0.2983 

Clav  % 

31.420 

12.4 

0.3947 

pH' 

7.6134 

0.386 

0.5070 

Soluble 

salts 

(ppm) 

3008.3 

2091 

0.6951 
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Table  4. 

Relation  of  abiotic  factors  to  groups  in  Figure  1. 

Numbers  represent  the  means 

Spike 

Saline 

Saline 

Sedge- 

Russian 

Inde- 

Soil factor 

Rush 

Meadow  1 

Meadow  2 

grass 

Marsh 

Olive 

pendent 

P  (ppm) 

10.02 

6.64 

15.7 

5.77 

8.27 

17.0 

13.45 

N(%) 

0.389 

0.265 

0.323 

0.37 

0..303 

0.239 

0.370 

Ca  (ppm) 

29915.0 

10585.0 

11872.0 

10967.0 

9479.0 

7692.0 

10,399.0 

Mg  (ppm) 

1275.6 

14.37.51.3565 

2045.8 

2566.7 

1828.0 

700.5 

K  (ppm) 

484.9 

5.36.5 

831.5 

1.30.0 

669.3 

11,32.0 

7.50.5 

Na  (ppm) 

1620.7 

1194.2 

14.30.25 

573.17 

1186.17 

.391.5 

1055.0 

Fe  (ppm) 

67.85 

65.74 

21..35106 

36.83 

24.15 

63.7 

Mn  (ppm) 

92.98 

10.696 

12.848 

16.273 

15.317 

10.1 

22.1 

Zn  (ppm) 

8.492 

8.532 

1.62 

6.217 

4.743 

3.23 

5.0 

Cii  (ppm) 

.3.662 

4.272 

5.02 

6.74 

3.24 

4.19 

5.16 

C(%) 

15.762 

6.224 

12.678 

4.867 

6.597 

10.95 

9.28 

Sand  (%) 

20.52 

12.8 

22.725 

37.333 

27.67 

30.0 

.32.50 

Silt  (%) 

41.50 

51.2 

45.55 

.36.67 

40.67 

41.5 

57.5 

Clav  (%) 

36.98 

36.0 

31.725 

26.4 

31.67 

28.5 

10.0 

pH' 

7.542 

7.12 

7.86 

7.63 

7.797 

8.0 

7.70 

Soluble  salt! 

(ppm) 

3279.0 

.3250.0 

5720.0 

1264.0 

2905.0 

1905.0 

2270.0 

would  undoubtedly  reflect  the  use  of  com- 
mercial fertilizers  on  the  pastures. 

Tlie  cover  of  Glaux  maritima  was  found  to 
be  positively  correlated  to  parts  per  million 
sodium  and  soluble  salts  in  the  soil  (p  <  .05). 
This  finding  is  in  agreement  with  those  in 
other  studies  (Rozeina  1975  and  Rozema  et 
al.  1978).  These  positive  correlations  indicate 
that  as  soil  salts  increase  Glaux  maritima  cov- 
er also  increases.  Glaux  maritima  is  known  to 
be  a  halophyte  (Adam  1977)  and  would 
therefore  be  expected  to  do  well  in  sites  with 
elevated  levels  of  salt  in  the  soil. 

No  other  factors  correlated  significantly 
with  Gkiux  maritima  and  its  cover  in  central 
Utah,  even  though  there  was  considerable 
variation  in  its  occurrence  from  stand  to 
stand.  The  lack  of  further  correlations  with 
biotic  and  abiotic  parameters  in  its  environ- 
ment would  indicate  a  wide  tolerance  in 
terms  of  habitat  variability,  since  all  factors 
measured  showed  coefficients  of  variation 
near  50%  (Table  3). 

Of  paramount  importance  in  the  ecology 
of  Glaux  maritima  would  be  moisture  and 
salt  levels  in  the  soil.  As  before  stated,  all 
sites  where  this  species  occurred  in  any  de- 
gree of  importance  also  had  high  moisture 
levels  throughout  the  growing  season  —  this 
coming  from  springs,  seeps,  elevated  water 
tables,  and  early  spring  nuioff.  Many  areas 


are  seasonally  inundated.  It  appears  that  this 
plant  is  narrowly  adapted  to  moisture  condi- 
tions in  its  habitat.  Either  too  much  or  too 
little  water  in  the  habitat  tends  to  restrict  its 
distribution.  However,  with  its  moisture  re- 
quirements met  and  having  a  high  tolerance 
for  variability  in  other  habitat  factors,  the 
relationships  of  this  species  to  increasing  sali- 
nity in  its  environment  is  more  easily  under- 
stood. As  salts  in  the  system  increase,  many 
species  are  not  able  to  grow  (Fig.  3),  so  halo- 
phytic  species  will  have  a  competitive  edge. 
Also,  since  many  of  the  species  in  its  habitat 
reproduce  asexually,  often  forming  large 
clones  (Brotherson  and  Everson  1982),  Glaux 
maritima  could  invade  in  areas  where  there 
are  openings  and  thus  compete  with  fewer 
species.  This  is  well  demonstrated  in  Figure 
3,  where  concentrations  of  salt  exceeding 
2500  ppm  show  a  corresponding  50%  decline 
in  number  of  species  encountered  in  the  sam- 
pling quadrats  and  the  cover  values  of  Glaux 
maritima  show  a  corresponding  50%  increase. 
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Table  5.  Results  of  correlation  analyses  between  factors  (hiotic  and  abiotic)  associated  with  sites  where  Glaiix  mari- 
tima was  found  growing. 


Variable 


Positive  correlations 


Negative  correlations 


BlOTIC  FACTORS 

Glaux  maritima  (cover) 
Trees  (cover) 
Grasses  (cover) 

Forbs  (cover) 
Sedges  (cover) 

Monocots  (cover) 

Abiotic  factors 
P  (ppm) 

Ca  (ppm) 
Mg  (ppm) 
K  (ppm) 

Na  (ppm) 
Fe  (ppm) 

Mn  (ppm) 
Zn  (ppm) 

Cu  (ppm) 

C(%) 

Sand  (%) 

Clay  (%) 

pH 

Soluble  salts  (ppm) 


Na  (.05) 
soluble  salts  (.05) 

ppm  P  (.05) 
ppm  K  (.01) 

ppm  Mg  (.05) 
ppm  k'(.01) 
pH  (.01) 

sedges  (.01) 

ppm  Fe  (.05) 


%  C  (.05) 
trees  (.05) 

%  C  (.001) 

grasses  (.05) 

pH  (.05) 
trees  (.01) 
grasses  (.01) 

soluble  salts  (.001) 
Glaux  maritima  (.05) 

ppm  Mn  (.05) 
ppm  Zn  (.01) 
ppm  Cu  (.01) 
Sedges  (.05) 

ppm  Fe  (.05) 

ppm  Fe  (.01) 
ppm  Cu  (.05) 

ppm  Fe  (.01) 
ppm  Zn  (.05) 

ppm  P  (.05).M  ppm  Mg  (.05) 
ppm  Ca  (.001) 
soluble  salts  (.05) 


ppm  K  (.05) 
trees  (.01) 

ppm  Na  (.001) 

%  C  (.05) 

Glaux  maritima  (.05) 


sedges  (.05) 

ppm  Fe  (.01) 
sedges  (.001) 


ppm  K  (.05) 
trees  (.05) 
gras.ses  (.001) 
forbs  (.01) 

ppm  P  (.05) 
%  C  (.05) 
pH  (.01) 


monocots  (.05) 


%  C  (.05) 

ppm  Fe  (.001) 
sedges  (.05) 


ppm  K  (.001) 
pH  (.05) 

soluble  salts  (.05) 
grasses  (.01) 


monocots  (.05 

%  silt  (.001) 
%  clay  (.001) 

%  sand  (.001) 
%  silt  (.05) 

ppm  Fe  (.05) 
monocots  (.01) 

ppm  Fe  (.05) 
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EFFECT  OF  WESTERN  WHITE  PINE  CONE  PRODUCTION  VARIABILITY 
ON  MOUNTAIN  PINE  CONE  BEETLE  POPULATION  LEVELS 

Michael  [.  Jenkins 

Abstract.—  Yearly  variation  in  numbers  of  cones  produced  by  western  white  pine  was  found  to  affect  the  popu- 
lation level  of  the  moimtain  pine  cone  beetle.  In  years  when  cone  production  is  moderate  to  heavy,  beetle  popu- 
lations increase.  Increasing  beetle  populations  are  ultimately  limited  by  poor  cone  crops,  which  increase  competition 
for  nutrients  and  oviposition  sites.  Variability  in  western  white  pine  cone  production  is  regarded  as  the  most  impor- 
tant factor  regulating  populations  of  the  mountain  pine  cone  beetle. 


Cone  production  in  western  white  pine 
(Pituis  monticola  Douglas),  and  other  conifers 
is  typically  periodic,  with  varying  numbers  of 
years  between  heavy  crops  (Rehfeldt  et  al. 
1971,  Franklin  et  al.  1974,  Eis  1976).  In  the 
study  by  Rehfeldt  et  al.  (1971)  western  white 
pine  cone  production  was  found  to  follow  cy- 
cles of  approximately  four  years.  Franklin  et 
al.  (1974)  formd  western  white  pine  to  be  the 
most  consistent  cone  producer  of  several  con- 
ifers studied.  They  found  total  cone  crop  fail- 
ure to  be  rare  in  western  white  pine.  Puritch 
(1972)  regarded  tree  metabolism,  climate, 
and  biotic  agents  as  important  factors  affect- 
ing cone  production. 

The  variability  in  pine  cone  production  is 
extremely  important  in  regulation  of  cone 
beetle  population  densities.  The  relationship 
between  pine  cone  production  and  cone 
beetle  population  levels  has  been  previously 
reported  for  eastern  white  pine  (Henson 
1964,  Morgan  and  Mailu  1976),  red  pine 
(Mattson  1971,  1978,  1980),  and  pinyon  pine 
(Forcella  1980).  This  study  reports  a  similar 
relationship  between  western  white  pine  and 
the  mountain  pine  cone  beetle  {Conophthoriis 
ponderosae  Hopkins  =  Conop/if/)orn.s  mon- 
ticolae  Hopkins,  Coleoptera:  Scolytidae). 

This  study  was  conducted  during  the  peri- 
od 1977  through  1981  at  the  Sandpoint  Seed 
Orchard,  Sandpoint,  Idaho.  The  seed  orchard 
was  established  in  1960  using  grafts  from 
white  pine  blister-rust-resistant  parent  trees. 
It  has  provided  an  interim  seed  source  of  blis- 
ter-rust-resistant planting  stock  for  reforesta- 
tion (Bingham  et  al.  1963).  Cone  production 


began  in  the  early  1960s  and  slowly  increased 
from  year  to  year.  Increased  cone  production 
allowed  a  buildup  in  the  mountain  pine  cone 
beetle  population,  and  by  1970  a  large  beetle 
population  existed  in  the  orchard. 

Materials  and  Methods 

Beginning  in  1977,  and  each  year  there- 
after, counts  were  made  of  the  number  of 
cones  produced  and  the  number  attacked  by 
beetles  on  each  tree  in  the  orchard.  The  data 
for  1977  were  provided  by  the  USDA  Forest 
Service,  Intermountain  Forest  and  Range  Ex- 


V///A 


V777A 


Fig.  1.  The  relationship  between  cone  production  in 
western  white  pine  and  attacks  by  the  mountain  pine 
cone  beetle  in  the  Sandpoint  Seed  Orchard,  Idaho, 
1977-81. 


'Department  of  Forest  Resources,  UMC  52,  Utah  State  University,  Logan,  Utah  84322. 
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Table  1.  Number  of  trees  counted,  total  and  mean  cone  production,  total  and  mean  cone  beetle  attacks,  and 
percent  of  cones  attacked  are  shown  for  each  of  the  study  years. 


Number 

Cones 

produced 

Cones  attacked 

Year 

of  trees 

Total 

Mean 

Total 

Mean 

attacked 

1977 

591 

12,651 

21.41 

10,136 

17.15 

80.12 

1978 

583 

16,739 

28.71 

11,574 

19.84 

69.14 

1979 

580 

8.30 

1.43 

747 

1.29 

90.00 

1980 

519 

39,306 

75.73 

130 

0.25 

0.33 

1981 

236 

5,717 

24.22 

305 

1.29 

5.33 

Total 

75,240 

29.99 

22,892 

9.12 

30.43 

periment  Station,  Moscow,  Idaho.  Counts 
were  made  by  way  of  binoculars,  tree  climb- 
ing, and  a  hydraulic  lift  truck. 

Results 

Results  of  this  study  are  shown  in  Table  1 
and  are  represented  graphically  in  Figure  1. 

Moderate  cone  crops  were  produced  in 
1977  and  in  1978,  maintaining  the  high  cone 
beetle  population  that  had  developed  in  pre- 
ceding years.  In  1979  cone  production  was 
very  low  and  severe  cold  temperatures  in  the 
winter  of  1978-79  further  reduced  the  cone 
crop.  Cone  beetle  utilization  of  the  remain- 
ing cones  was  nearly  100%.  A  large  reduction 
in  the  cone  beetle  population  occurred  due 
to  lack  of  available  cones  for  oviposition  and 
feeding.  In  1980  a  bumper  crop  was  pro- 
duced, but  the  low  cone  beetle  population 
was  imable  to  exploit  the  cones  to  any  great 
extent.  In  1981  cone  production  was  again 
low,  but  higher  than  in  1979,  and  the  beetle 
population  increased. 

Discussion 

Fluctuation  in  current  year  cone  numbers 
appears  to  be  the  most  important  factor 
regulating  cone  beetle  population  size.  Pre- 
vious reports  on  red  pine  (Mattson  1971, 
1978,  1980),  ponderosa  pine  (Dale  and 
Schenk  1978),  and  pinyon  pine  (Forcella 
1980)  described  similar  relationships.  Beetles 
can  survive  by  initial  feeding  in  year-old 
cones,  Diit  the  quality  of  such  food  is  reduced 
(Morgan  and  Mailu  1976).  In  addition,  old 
cones  cannot  be  utilized  for  oviposition. 

More  important  than  food  quality  is  food 
quantity,  i.e.,  the  number  of  cones  available 
in  a  given  area.  Beetle  populations  increased 
when  successive  moderate  or  heavy  cone 


crops  occurred,  as  in  1977  and  1978.  The 
population  was  ultimately  limited  when  cone 
availability  was  drastically  decreased  in  1979. 
In  1981  the  cone  beetle  population  had  ade- 
quate cones  for  feeding  and  the  beetle  popu- 
lation was  again  increasing. 

The  intermittent  production  of  seed  by 
various  conifers  may  be  an  adaptive  mecha- 
nism decreasing  losses  by  seed  and  cone  in- 
sects (Henson  1964).  Mattson  (1978)  sug- 
gested that  seed  and  cone  insects,  by 
attacking  cones  during  heavy  crop  years,  re- 
move the  depressing  effect  of  a  large  crop  on 
subsequent  crops,  thereby  enhancing  future 
abundance  of  host  material  by  reducing  it  at 
present.  Feeding  by  seed  and  cone  insects 
may  be  partly  responsible  for  the  periodic 
nature  of  cone  production. 

Cone  production  cycles  and  beetle  attacks 
are  erratic,  but  large  crops  typically  suffer 
lower  percentage  losses  to  seed  and  cone  in- 
sects (Schenk  and  Goyer  1967).  Damage  is 
greatest  when  small  crops  follow  large  ones, 
because  cone  beetle  numbers  build  up  when 
food  is  abundant.  During  years  when  small 
crops  are  produced,  competition  for  food  and 
oviposition  sites  causes  high  mortality  and 
few  new  beetles  are  produced. 
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CONFIRMATION  AND  EXPANSION  OF  THE  REPORTED  DISTRIBUTION 
OF  TWO  SPECIES  OF  IDAHO  HERPTILES 

William  F.  Laurance^-^  and  Tiiiiotliv  D.  Revnolds^''^ 


.\bstract.—  The  countv  bv  countv  distribution  of  the  tiger  salamander  {Ambystoma  tigriniim)  and  night  snake 
(//(//wig/riu;  tonjiutUi)  in  Idaho  from  previous  reports  is  presented.  This  is  augmented  and  expanded  from  recent 
fin  dint's. 


Herptiles,  especially  amphibians,  are  often 
neglected  in  environmental  surveys  and  bio- 
logical inventories  of  any  particular  geo- 
graphic area.  This  circumstance  is  magnified 
in  several  western  states,  like  Idaho,  which 
have  a  low  population  and  a  small  scientific 
commimity.  Generally  speaking,  then,  por- 
tions of  the  published  range  maps  for  some 
western  herptiles  (e.g.,  Stebbins  1966)  are 
based  on  limited  actual  field  data.  Instead, 
range  maps  are  often  constructed  based  on 
the  known  climatic,  topographic,  and  habitat 
preferences  of  the  species  in  question, 
coupled  with  known  occurrences  of  disjunct 
populations  and  tempered  with  empirical 
wisdom.  The  objective  of  this  paper  is  to  con- 
firm the  occurrence  of  the  tiger  salamander 
{Ambystoma  tigrinwn)  and  night  snake  {Hyp- 
siglena  torquata)  within  the  Idaho  ranges  in- 
dicated by  Stebbins  (1966),  based  on  pub- 
lished reports,  and  augment  these  data  with 
recent  findings. 

Methods  and  Materials 

Our  interest  in  the  distribution  of  these 
two  herptiles  was  aroused  when  specimens  of 
each,  collected  out  of  their  documented 
range  in  Idaho,  were  brought  to  us.  We  then 
reviewed  the  scientific  hterature  concerning 
the  distribution  of  reptiles  and  amphibians,  as 
well  as  historical  accounts  of  early  expedi- 
tions into  Idaho,  to  generate  a  county  by 
county  list  of  records  for  both  species.  In  ad- 
dition, we  interviewed  the  lower  vertebrate 


specialists  at  Treasure  Valley  Community 
College,  Ontario,  Oregon;  College  of  Idaho, 
Caldwell;  College  of  Southern  Idaho,  Twin 
Falls;  Northwest  Nazarene  College,  Nampa, 
Idaho;  Idaho  State  University,  Pocatello;  and 
University  of  Idaho,  Moscow;  plus  Idaho  De- 
partment of  Fish  and  Game  personnel  and 
several  local  residents  interested  in  reptiles 
and  amphibians. 

Results  and  Discussion 

The  range  for  the  tiger  salamander  in 
Idaho  illustrated  in  Stebbins  (1966,  map  5) 
encompasses  all  or  part  of  30  counties  in  the 
northern  and  eastern  thirds  of  the  state:  Ban- 
nock, Bear  Lake,  Benewah,  Bingham,  Blaine, 
Bonner,  Bonneville,  Boundary,  Butte,  Car- 
ibou, Cassia,  Clark,  Clearwater,  Custer, 
Franklin,  Fremont,  Idaho,  Jefferson,  Jerome, 
Kootenai,  Latah,  Lemhi,  Lewis,  Lincoln, 
Madison,  Minidoka,  Nez  Perce,  Oneida,  Pow- 
er, Shoshone,  and  Teton  (Fig.  1).  Although 
Dumas  (1957)  and  Linder  and  Fichter  (1977) 
suggest  that  tiger  salamanders  are  probably 
distributed  throughout  the  state,  with  the  ex- 
ception of  a  few  counties  in  the  extreme 
southwest,  we  were  only  able  to  find  pub- 
lished records  of  occurrence  for  2  northern 
and  10  eastern  counties  (Table  1,  Fig.  1). 
These  two  disjunct  populations  most  likely 
represent  two  subspecies:  the  blotched  tiger 
salamander  (A.t.  melanostictum)  in  the  north 
and  the  Arizona  tiger  salamander  {A.t.  neb- 
iilosum)  in  southeast  Idaho  (Nussbaum  et  al. 
1983). 


'Biology  Department,  Boise  State  University,  Boise,  Idaho  83725. 

-Current  address:  .Museum  of  Vertebrate  Zoology,  University  of  California,  2593  Life  Sciences  Building,  Berkeley,  California  94720. 

'Current  address;  U.S.  Department  of  Energy,  Radioecological  and  Environmental  Science  Laboratory,  550  Second  Street,  Idaho  Falls,  Idaho  83401. 
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range 

I I  =  illustrated  range  in 

Stebbins.  1966 


range  extensions 


Fig.  1.  County  bv  coiintv  range  extensions  for  Amby- 
stoma  ti^riniini  in  Idaho,  compared  with  the  previouslv 
documented  range  and  with  the  ilhistrated  Idaho  range 
in  Stebbins  1966.  Black  dots  indicate  the  sites  where 
new  specimens  were  collected. 

We  were  unable  to  locate  any  published 
records  of  tiger  salamanders  in  central  Idaho. 
We  have,  however,  documented  two  wild 
populations  of  tiger  salamanders  in  southwest 
Idaho,  precisely  where  Linder  and  Fichter 
(1977)  predicted  they  would  not  occur  (Fig. 
1).  The  Ada  County  locality  was  19  km  SSW 
of  Boise,  and  the  Canyon  County  population 
was  located  5.5  km  E  of  Caldwell  (R.  Foote, 
pars,  comm.,  1983.  Department  of  Biology, 
Treasure  Valley  Community  College,  On- 
tario, Oregon).  We  have  not  been  able  to  ver- 
ify whether  these  populations  are  native  to 
the  area  or  are  introduced.  Specimens  col- 
lected from  Ada  County  most  closely  re- 
semble the  description  given  by  Nussbaum  et 
al.  (1983)  for  the  subspecies  A.t. 
mekmostictum. 

Although  tiger  salamanders  have  been  col- 
lected from  a  number  of  localities  in  south- 


Fig.  2.  County  range  extension  for  Hijpsi^lena  tor- 
quota  in  Idaho,  compared  with  the  previously  docu- 
mented range  and  with  the  illustrated  Idaho  range  in 
Stebbins  1966.  The  black  dot  indicates  the  site  where 
the  new  specimen  was  collected. 

eastern  Idaho,  northern  Idaho,  and  the  adja- 
cent eastern  half  of  Washington,  no  pre- 
viously published  records  existed  for  the 
northern  Great  Basin  areas  of  southwest 
Idaho  and  eastern  Oregon.  The  records  pre- 
sented here  for  southwest  Idaho  extend  the 
range  of  the  species  in  Idaho  about  320  km 
westward.  Additionally,  R.  M.  Storm  (pers. 
comm.,  1983.  Department  of  Zoology,  Ore- 
gon State  University,  Corvallis,  Oregon)  re- 
cently found  tiger  salamanders  on  Malheur 
National  Wildlife  Refuge,  Harney  County,  in 
eastern  Oregon.  Although  it  is  not  known  if 
this  represents  a  natural  or  introduced  popu- 
lation, this  find  extends  the  known  range  of 
tiger  salamanders  another  180  km  westward 
in  the  northern  Great  Basin.  Further  research 
may  reveal  additional  disjunct  populations  of 
the  tiger  salamander  scattered  through  ap- 
propriate habitats  in  Idaho  and  elsewhere  in 
the  northern  Great  Basin. 
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Table  1.  Coiintv  by  county  distribution  records  for 
Aiiihtistoma  tiii,hnum  in  Idaho.  Asterisks  indicate  first 
records  for  that  countv. 


Table  2.  Countv  bv  countv  distribution  records  for 
Hijpsigh'Ud  tonjuata  in  Idaho.  Asterisks  indicate  first 
records  for  that  countv. 


Countv 


Reference 


"Ada 
Bannock 
Bear  Lake 
Bingham 
Bonneville 

°  Can von 


Franklin 

Fremont 

Jefferson 

Kootenai 

Latali 

Madison 

Oneida 

Power 


Laurance  and  Reynolds  (pers.  obs.,  I982f 

Tanner (1941) 

Dimn(1940) 

Nussbaum  et  al.  (1983) 

Nussbauni  et  al.  (1983) 

Foote,  R.  (pers.  comm.,  1982.  Dept.  of 

Biologv.  Treasure  Valley  Community 

College,  Ontario,  Oregon) 
Nu.s.sbaum  et  al.  (1983) 
Tanner (1941) 
Nussbaum  et  al.  (1983) 
Dunn  (1940) 
Dunn  (1940) 
Tanner (1941) 
Dunn  (1940) 
Nussbaum  et  al.  (1983) 


^Specimen  in  the  Vertebrate   Museum  at   Boise   State  University,  Boise, 
Idaho. 


The  night  snake  in  Idaho  is  near  the  eleva- 
tional  extremes  of  its  distribution  in  North 
America.  Stebbins'  (1966,  map  175)  illus- 
trated range  includes  covmties  in  the  southern 
portion  of  the  state:  Ada,  Cassia,  Canyon,  El- 
more, Franklin,  Gooding,  Jerome,  Lincoln, 
Minidoka,  Oneida,  and  Power  counties  pri- 
marily (Fig.  2).  The  majority  of  the  docu- 
mented reports  we  found  for  this  species 
were  for  five  southwest  counties:  Ada,  Can- 
yon, Gem,  Elmore,  and  Owyhee.  The  remain- 
ing reports  were  from  Blaine  (one  specimen) 
and  Bannock  (two  specimens)  counties  in 
southeastern  Idaho  (Table  2).  The  records 
from  Blaine,  Bannock,  and  Gem  counties, 
coupled  with  a  new  report  and  specimen 
from  Boise  County,  22.5  km  NW  of  Boise 
(C.  W.  Baker,  pers.  comm.,  1982.  Depart- 
ment of  Biology,  Boise  State  University, 
Boise,  Idaho),  suggest  the  Idaho  range  is 
somewhat  more  northerly  than  formerly  des- 
ignated, and  may  extend  into  the  foothills  of 
the  northern  Rocky  Mountains  in  central 
Idaho. 

No  night  snakes  have  been  recorded  from 
the  southern  tier  of  counties  in  the  center  of 
the  state.  The  small  number  of  night  snake 
specimens  collected  elsewhere  in  Idaho  may 
be  the  result  of  the  secretive  and  nocturnal 
nature  of  this  species,  rather  than  as  an  actual 
result  of  a  low  population  density  or  restrict- 
ed distribution.  Diller  and  Johnson  (1982)  re- 
port that  density  estimates  of  snakes  in  the 


County 

Reference 

Ada 

Erwin  (1925) 

Bannock 

Linder  and  Fichter  (1977) 

Blaine 

Linderand  Fichter  (1977) 

"Boise 

Baker,  C.  W.  (pers.  comm.,  1982.  Dept.  of 

Biologv,  Boise  State  Universitv,  Boise, 

Idaho)" 

Canvon 

Slater  (1941) 

Elmore 

Diller  and  Wallace  (1981) 

Gem 

Diller  and  Wallace  (1981) 

Owyhee 

Diller  and  Wallace  (1981) 

"Specimen   in 
Idaho. 


the  Vertebrate   Museum  at   Boise  State   University,   Boise, 


Snake  River  Birds  of  Prey  Area  in  southwest 
Idaho  reveal  that  night  snakes  are  actually 
the  most  abundant  species  present  in  that 
area.  If  this  disparity  between  real  and  ap- 
parent population  size  exists  in  other  areas  of 
the  state,  then  further  censusing  may  fill  in 
distributional  gaps  for  the  night  snake  in 
Idaho,  particularly  in  the  southcentral 
counties. 
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NATURALIZATION  AND  HABITAT  RELATIONSHIPS  OF  BITTER  NIGHTSHADE 
{SOLANUM  DULCAMARA)  IN  CENTRAL  UTAH 

Jack  D.  Brotherson'  and  Kevin  P.  Price' 


Abstract.— Ten  plant  communities  containing  bitter  nightshade  {Solanum  dulcamara)  were  studied  and  the  ecol- 
ogy and  naturalizing  relationships  of  bitter  nightshade  in  central  Utah  area  were  investigated.  Biotic  and  abiotic  fac- 
tors from  each  area  were  statistically  analyzed.  The  data  indicated  that  bitter  nightshade  was  negatively  correlated 
(P  <  0.01)  with  perennial  grass  cover  and  positively  correlated  with  tree  overstory.  Bitter  nightshade  reached  its 
iiighest  development  in  heavily  .shaded  areas.  No  other  habitat  factors  correlated  with  the  presence  of  bitter  night- 
shade. This  lack  of  environmental  constraints  along  with  bitter  nightshade's  bright  red  fruits,  which  are  readily  con- 
sumed bv  birds,  suggests  possible  reasons  for  the  rapid  and  successful  invasion  of  the  plant  into  the  Utah  Lake  area. 


Bitter  nightshade  {Solanian  dulcamara  L.) 
is  native  to  Europe,  northern  Africa,  and 
eastern  Asia  (Crossley  1974)  and  was  prob- 
ably introduced  into  North  America  as  a  con- 
taminant in  crop  seed  used  by  early  coloniz- 
ers. Since  its  introduction  to  North  America, 
bitter  nightshade  has  become  widespread  and 
has  invaded  new  areas  with  great  success. 
The  rapid  spread  of  bitter  nightshade  may  be 
attributed  to  its  ornamental  appeal  and  culti- 
vation as  an  ornamental  since  1561  (Crossley 
1974).  Also,  bitter  nightshade's  red  berries 
are  eaten  by  both  mammals  and  birds  (Martin 
et  al.  1961.  Crossley  (1974)  writes,  'The  fresh 
berries  are  poisonous  to  most  people  and  are 
fatal  to  rabbits,  but  some  birds  and  wildlife 
eat  them  with  impunity."  Animals  are  prob- 
ably the  most  effective  method  of  dispersal 
for  the  plant's  seeds  in  the  wild. 

Because  it  is  an  important  source  of  agly- 
cone  solasodine,  which  is  used  in  the  produc- 
tion of  steroid  hormones,  bitter  nightshade 
has  been  intensively  studied  (Gatty-Kostyal  et 
al.  1963,  Gauhl  1975,  Kuznetsoua  and  Khaza- 
nov  1973,  Mathe  1974,  Mathe  and  Mathe 
1972,  Mathe  et  al.  1975).  Although  several 
studies  of  bitter  nightshade  have  focused  on 
the  environmental  factors  affecting  the  con- 
centrations of  alkaloids,  few  studies  have 
been  conducted  concerning  the  natural- 
ization and  ecology  of  bitter  nightshade.  The 
few  studies  that  have  been  conducted  on  bit- 
ter nightshade  have  been  mainly  in  Hungary 


and  Poland  (Bernath  and  Tetenyu  1978, 
Clough  et  al.  1979,  Gauhl  1975,  Horvath  et 
al.  1977,  Nga  et  al.  1976).  No  reports  are 
known  from  North  America.  Horvath  et  al. 
(1977)  stated,  "In  spite  of  the  fact  that  the 
natural  occurrence  of  morphological  and 
chemical  taxons  of  this  species  have  been 
analyzed  in  great  detail,  exact  experiments  to 
discover  its  relationship  with  the  environ- 
ment are  hardly  known." 

The  purpose  of  our  study  is  to  better  un- 
derstand the  naturalization  and  ecology  of 
bitter  nightshade  in  central  Utah. 

Materials  and  Methods 

Ten  sites  were  selected  depicting  represen- 
tative communities  in  central  Utah  in  which 
bitter  nightshade  occurs  (Fig.  1).  At  each  site 
a  10  x  10  m  study  plot  (0.01  ha)  was  estab- 
lished and  20  0.25  m-  quadrats  were  placed 
at  regular  intervals  across  the  plot.  The  study 
plots  were  delineated  by  a  40.0  m  long  cord 
with  loops  every  10  m  for  corners.  The  cor- 
ners were  secured  by  steel  stakes.  Variation 
in  slope,  drainage,  erosion,  and  exposure 
were  kept  to  a  minimum.  Density  and  fre- 
quency of  all  plant  species  encountered  with- 
in the  plots  were  determined  from  the  quad- 
rat data.  Cover  values  were  also  estimated 
for  each  species  as  suggested  by  Daubenmire 
(1959). 

Soils  were  sampled  from  the  top  20  cm  of 
the  soil  profile  in  each  plot.  Three  samples 
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Fig.   1.  Map  showing  the  general  locations  of  study 
sites  in  central  Utah. 


were  taken  from  opposite  corners  and  the 
center  of  each  plot.  Samples  were  pooled  and 
analyzed  for  texture  (Bouyoucos  1951),  pH, 
soluble  salts,  and  mineral  content.  The  hydro- 
gen ion  concentration  was  measured  with  a 
glass  electrode  pH  meter.  Total  soluble  salts 
were  determined  with  a  Beckman  electrical 
conductivity  bridge.  A  paste  consisting  of  a 
1:1  g/v  soil  to  water  (distilled)  mixture  (Rus- 
sel  1948)  was  used  in  determining  pH  and  to- 
tal soluble  salts.  Soil  samples  were  also  ana- 
lyzed for  total  nitrogen  (Brenner  1965), 
phosphonis  (Olsen  and  Dean  1965),  magne- 
sium and  calcium  (Heald  1965),  potassium 
and  sodium  (Pratt  1965a  and  Pratt  1965b), 
zinc,  iron,  copper,  and  manganese  (Lindsay 
and  Nowell  1969). 

Cluster  analysis  (Sneath  and  Sokal  1969) 
was  used  to  group  the  study  sites  which  were 
similar  with  respect  to  species  composition 
from  the  various  microhabitats  found  within 
the  community. 


In  addition  to  field  studies,  data  were  ob- 
tained from  herbarium  specimens  obtained 
from  seven  college  and  university  herbaria  in 
Utah  (Brigham  Young  University  at  Provo, 
University  of  Utah  at  Salt  Lake  City,  Weber 
College  at  Ogden,  Utah  State  University  at 
Logan,  College  of  Eastern  Utah  at  Price,  Dix- 
ie College  at  St.  George,  and  Southern  Utah 
State  College  at  Cedar  City).  Data  taken 
from  the  herbarium  specimens  included  in- 
formation on  collection  sites,  habitat  types, 
elevation,  collection  dates,  and  phenology.  A 
dot  map  was  constructed  to  show  the  distri- 
bution of  bitter  nightshade  within  the  state  of 
Utah. 

The  biotic  and  abiotic  data  were  treated 
statistically  by  calculating  the  mean,  standard 
deviation,  and  coefficient  of  variation  for 
each  factor.  Simple  correlation  (Ott  1977) 
was  used  to  determine  significant  relation- 
ships between  percent  cover  of  bitter  night- 
shade and  all  other  habitat  factors.  In  addi- 
tion, P  X  F  (Presence  x  Frequency)  (Anderson 
1964,  Curtis  1959)  and  Niche  Breadth  (Col- 
well  and  Futuyma  1971)  indicies  were  com- 
puted for  all  species  found  in  the  study  area 
to  give  an  indication  of  that  species  impor- 
tance in  the  community.  A  prevalent  species 
list  was  then  constructed  (Warner  and  Har- 
per 1972). 

Results  and  Discussion 

In  a  1926  floral  study  of  Utah  Lake,  bitter 
nightshade  was  not  listed  for  any  of  the  com- 
munities studied  (Cottam  1926).  However, 
our  1979  data  shows  that  bitter  nightshade 
makes  up  37%  of  the  average  cover  in  the 
mixed  deciduous  woodlands  around  the  lake 
(Fig.  1).  Herbarium  specimen  data  showed 
that  53%  of  the  bitter  nightshade  specimens 
collected  in  the  state  were  found  at  eleva- 
tions between  4000  and  5000  feet  with  a  to- 
tal range  in  elevation  from  4000  to  8000  feet. 
The  distribution  map  (Fig.  2)  for  the  state  of 
Utah  shows  that  the  plant  has  spread  mostly 
in  the  northern  portion  of  the  state,  where 
the  major  wetlands  of  the  region  are  also  lo- 
cated. The  plants  collected  in  western  Juab 
County  and  in  Uintah  County  were  located 
at  the  Fish  Springs  Bird  Refuge  and  Ourey 
Wildlife  Refuge,  respectively  (Fig.  2). 
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Fig.  2.  Distribution  of  bitter  nightshade  in  Utah 
based  upon  herbarium  specimens. 

Using  cover  data  the  average  percent  cov- 
er values  for  the  major  life  forms  of  the  com- 
munities invaded  by  bitter  nightshade  were 
tabulated  (Table  1).  As  shown,  total  cover 
was  very  high  with  trees,  perennial  forbs  and 
grasses  making  up  over  90%  of  the  ground 
cover.  Of  the  22%  perennial  forb  cover,  89% 
is  contributed  by  bitter  nightshade. 

Based  upon  a  P  x  F  Index,  bitter  night- 
shade ranked  as  the  second  most  important 
species  on  the  sites  studied  (Table  2).  Bitter 
nightshade  also  had  the  greatest  Niche 
Breadth  of  any  species  in  the  sampled  com- 
munity (Table  2).  This  would  indicate  that 


bitter  nightshade  is  generally  more  adaptive 
than  other  species  found  growing  with  it. 

Of  the  correlations  between  bitter  night- 
shade cover  and  the  biotic  and  abiotic  fac- 
tors, only  the  correlation  between  perennial 
grass  cover  and  bitter  nightshade  cover  was 
significant.  The  correlation  of  bitter  night- 
.shade  cover  to  perennial  grass  cover  gave  an 
r  value  of  -0.6518;  the  relationship  was  signif- 
icant at  the  .05  level.  A  similar  correlation 
between  the  most  abundant  perennial  grass, 
quackgrass  {Agropyron  repens  (L.)  Beauv.), 
and  bitter  nightshade  produced  an  r  value  of 
-0.8780,  which  is  highly  significant  (P  < 
.001)  (Fig.  3).  Quackgrass  was  found  growing 
on  sites  that  received  a  high  incidence  of  sun- 
light, and  bitter  nightshade  was  found  grow- 
ing on  the  more  shaded  sites.  Quackgrass  ap- 
parently is  more  competitive  than  bitter 
nightshade  on  the  sunny  sites.  It  would  ap- 
pear that  bitter  nightshade  is  best  adapted  to 
shaded  areas,  although  not  entirely  restricted 
to  them,  and  quackgrass,  which  is  less  shade 
tolerant,  does  much  better  on  the  more  sunny 
and  open  sites. 

Most  ecological  studies  of  bitter  nightshade 
focus  on  environmental  factors  affecting  con- 
centrations of  alkaloids.  Several  studies  deal 
with  the  effects  of  varying  light  quality  and 
intensity  on  alkaloid  production  (Gauhl  1975, 
Kuznetsova  1971a,  Kuznetsova  1971b,  and 
Kuznetsova  and  Khagnov  1973).  Gauhl  (1975) 
for  example,  states  that  bitter  nightshade  ex- 
hibits great  variation  within  the  species  for 
tolerance  to  varying  light  intensities.  He  also 
points  out  that  plants  selected  from  shaded 
habitats  were  damaged  when  exposed  to  high 
light  intensities,  but  those  selected  from  sun- 
ny habitats  demonstrated  an  increase  in  pho- 
tosynthesis and  C02  uptake.  Further,  Clough 


Table  1.   Life  forms  witliin  the  mixed  deciduous  woodland  communities  heavily  invaded  by  bitter  nightshade  in 
central  I'tah.  Figures  are  in  percentage  cover. 

Standard 
Biotic  factors  High  Low  Mean  deviation  C.V. 


Total  cover 

100.0 

99.0 

99.9 

0.3 

0.003 

Trees 

81.3 

45.9 

62.0 

12.7 

0.58 

Perennial  forbs 

41.3 

1.8 

23.6 

13.8 

0.59 

Annual  forbs 

19.0 

1.0 

6.2 

6.2 

1.00 

Perennial  grasses 

39.9 

0.2 

8.1 

13.9 

1.72 

Annual  grasses 

0.3 

0.1 

0.1 

0.1 

2.50 

Shnibs 

0.9 

0.3 

0.1 

0.3 

2.42 

Diversity 

7.7 

2.3 

4.9 

2.1 

0.42 

Species/Stand 

24.0 

5.0 

13.2 

6.6 

0.50 
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Fig.   3.   Relationships  existent  between  average   per- 
cent cover  of  bitter  nightshade  and  cjuackgrass. 

et  al.  (1979)  studied  the  growth  performance 
and  photosynthetic  activity  of  bitter  night- 
shade under  a  range  of  12  environmental  fac- 
tors that  simulated  varying  habitat  conditions 
with  respect  to  light  intensity,  moisture  avail- 
ability, and  daily  temperature  amplitudes. 
They  foimd  no  ecotypic  differentiation  with 
respect  to  tlie  sun  and  shade  environments 
from  which  the  individuals  were  collected. 
All  but  one  of  the  field-collected  individuals 
was  capable  of  successfully  inhabiting  a  full 
range  of  light  environments.  We  also  found 
individuals  of  bitter  nightshade  inhabiting  a 
full  range  of  light  environments,  but  it  always 
contributed  its  greatest  cover  in  the  shaded 
areas. 


Soil  texture  in  the  communities  invaded  by 
bitter  nightshade  (mixed  deciduous  wood- 
lands) in  central  Utah  were  sandy  clay  loams. 
However,  standard  deviations  for  the  percent 
sand,  silt,  and  clay  were  highly  variable,  and 
therefore  it  was  concluded  that  bitter  night- 
shade is  an  opportunist  that  can  grow  and 
survive  in  a  high  diversity  of  soil  textures 
(Table  3).  Nga  et  al.  (1976)  also  reported  that 
microclimate  played  only  a  small  role  in  the 
ability  of  bitter  nightshade  to  inhabit  a  site. 
The  soils  also  tended  to  be  alkaline  in  nature 
and  low  in  soluble  salts  and  organic  matter 
content  (Table  3).  Mineral  content  in  the  soils 
invaded  were  typical  of  the  Utah  Lake  area. 
All  measured  minerals  were  fovmd  in  suf- 
ficient quantities  and  were  nonlimiting  as  far 
as  the  health  and  vigor  of  the  vegetation  was 
concerned  (Table  4).  Coefficients  of  variation 
(with  exception  of  calcium)  indicate  a  great 
deal  of  fluctuation  in  mineral  concentrations 
across  the  sites  studied. 

Cluster  analysis  of  the  cover  data  (Fig.  4) 
revealed  the  following  four  groups:  Group  1 
consisting  of  sites  1,  6,  9,  and  10;  Group  2, 
sites  3  and  8;  Group  3,  sites  2  and  7;  and 
Group  4,  sites  4  and  5.  The  average  percent 
cover  of  the  major  species  found  in  the  four 
groups  was  calculated  and  recorded  (Table 
5).  As  can  be  seen  bitter  nightshade  is  most 
abundant  in  Groups  1  and  2.  These  groups 
also  have  high  corresponding  tree  cover. 
Groups  3  and  4  have  the  lowest  percent  of 
bitter  nightshade  and  correspondingly  less 
tree  cover.  It  was  assumed  that  the  difference 
in   relative   cover  of  bitter  nightshade  in 


Table  2.   Prevalent  species  list  for  sites  invaded  by  bitter  nightshade  in  central  Utah. 


PxF 

% 

Average 

%  Average 

Niche 

Species 

index 

frequency 

cover 

breadths 

Salix  amijadaloidcs 

47.3 

59.1 

67.3 

0.83 

Sohinuiii  dukwnaui 

41.2 

41.2 

.37.4 

0.89 

Atriplcx  tiianj^iihiris 

12.0 

20.0 

19.5 

0.81 

Populus  deUoides 

9.7 

19.3 

15.6 

0.71 

Agwpiiwn  repens 

7.4 

18.5 

14.7 

0.72 

Coiujzci  camidcnsis 

3.3 

6.5 

12.5 

0.56 

Tainarix  rainosissinia 

3.2 

6.4 

5.4 

0.47 

S(dix  fra^ilis 

2.6 

1.3 

4.4 

0.68 

Cirsium  ancn.sc 

2.3 

4.5 

3.9 

0.74 

Arctium  minor 

2.1 

7.1 

2.5 

0.53 

Xanthitim  stumuriiim 

2.1 

3.5 

2.3 

0.62 

Poh/ffmiim  coccinctiui 

1.5 

3.0 

2.1 

0.72 

Luctuca  serriola 

1.3 

4.4 

1.8 

0.67 
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Fig.  4.   Dendograni  from  cluster  analysis  showing  the 
similarities  among  the  10  studv  sites. 


Groups  1  and  2  when  compared  to  Groups  3 
and  4  was  due  to  the  high  amount  of  tree 
cover  and  therefore  less  competition  from 
perennial  grass  cover. 

Areas  of  high  bitter  nightshade  cover  cor- 
responded to  areas  of  high  overstory  cover. 
Higher  overstory  generally  indicates  higher 
stem  densities,  and  since  bitter  nightshade  is 
a  climbing  vine,  there  is  greater  opportunity 
for  bitter  nightshade  to  use  these  stems  for 


support.  Conversely,  high  overstory  values 
also  indicate  more  shade  and  therefore  less 
opportunity  for  the  shade-intolerant  grasses 
to  compete.  This  should  also  help  explain  the 
negative  relationships  between  the  two  plant 
types.  Light  intensity  and  extreme  adapt- 
ability to  varying  environmental  conditions 
seem  to  greatly  influence  the  naturalization 
of  bitter  nightshade  in  the  Utah  Lake  area. 
Light  influence  is  also  evident  in  the  relation- 
ships represented  by  Atriplex  triangularis  (a 
shade-intolerant  forb)  since  it  increases  in  the 
understory  as  grass  cover  increases  (Table  5). 

We  conclude  that  bitter  nightshade  natu- 
ralization is  accelerated  by  the  presence  of 
favorable  habitat  (areas  of  high  overstory 
cover  and  moist  soil  conditions)  and  a  general 
lack  of  other  biotic  and  abiotic  constraints  in 
areas  of  invasion.  The  only  significant  corre- 
lation of  bitter  nightshade  cover  was  with 
perennial  grasses,  more  specifically  quack- 
grass.  It  is  felt  that  the  negative  correlation 
between  the  two  plants  is  best  attributed  to 
the  fact  that  grasses  are  generally  more 
drought  tolerant  and  less  shade  tolerant  than 
are  forbs  (Yake  and  Brotherson  1979).  Also, 
the  highly  rhizomatous  nature  of  quackgrass 
makes  it  very  competitive  once  established. 


Table  3.   Measured  soil  factors  of  communities  invaded  bv  bitter  niglitshade  along  with  their  means,  standard  de- 
viations, and  coef.  of  variations. 

Standard 
Abiotic  factors  High  Low  Mean  deviation  C.V. 


Sand 

94.0 

14.0 

54.7 

31.4 

0.57 

Silt 

59.0 

2.0 

22.3 

20.0 

0.90 

Clay 

74.0 

2.0 

22.8 

20.9 

0.92 

Fines  (silt,  clay) 

86.0 

4.0 

45.1 

31.7 

0.70 

Soluble  salts  (ppm) 

3959.0 

399.0 

2240.0 

1548.8 

0.69 

pH 

8.5 

7.5 

8.0 

0.4 

0.04 

Carbon 

12.1 

1.3 

6.7 

2.9 

0.43 

T.\BLE  4.  Soil  chemical  factors  from  the  commimities  invaded  by  bitter  nightshade  along  with  their  means,  stan- 
dard deviations,  and  coefficients  of  variations. 


Standard 

.Abiotic  factors 

High 

Low 

Mean 

deviation 

C.V. 

Phosphorous  (ppm) 

81.6 

8.4 

24.9 

22.1 

0.89 

Nitrogen  (ppm) 

2480.0 

190.0 

1058.7 

710.4 

0.67 

Calcium  (ppm) 

148(X).() 

4275.0 

9852.5 

2865.7 

0.29 

Magnesiimi  (ppm) 

2850.0 

204.0 

1038.9 

826.2 

0.80 

Potassium  (ppm) 

270.0 

39.0 

166.7 

144.0 

0.86 

Sodium  (ppm) 

1625.0 

98.0 

522.8 

455.3 

0.85 

Iron  (ppm) 

210.0 

7.6 

80.6 

65.1 

0.81 

Manganese  (ppm) 

13.2 

2.3 

7.9 

4.0 

0.50 

Zinc  (ppm) 

76.8 

0.9 

14.0 

22.7 

1.62 

Copper  (ppm) 

39.4 

0.2 

5.1 

12.2 

2.39 
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Tahle  5.  Average  cover  by  species  within  the  four 
groups  designated  in  the  cluster  analysis. 


Groups  from  cluster  analysis 
12  3  4 


Acer  negundo 

0.0 

0.0 

0.4 

0.0 

Aoropijnm  rcpens 

19.fi 

0.0 

49.8 

28.4 

Ambrosia  artemi.sifoliii 

0.0 

0.1 

0.0 

2.8 

Arctiuut  minus 

0.0 

1.6 

0.1 

25.2 

Atrii)l('x  tridH'^uhiris 

0.1 

0.5 

22.7 

.39.1 

Cardarid  dralxi 

0.0 

0.0 

1.4 

1.3 

Cirsium  ancnsc 

0.0 

7.8 

0.0 

3.5 

Convolvulus  sepium 

0.7 

0.4 

0.0 

0.0 

Cont/z^i  ((inddcnsis 

0.0 

17.4 

4.0 

0.4 

Disticldis  spicahi 

var.  stricta 

0.0 

0.0 

9.0 

0.0 

Fraxiuus  pcniisylvdnicci 

0.0 

0.0 

0.0 

7.9 

Galium  trifidum 

0.0 

0.0 

1.3 

0.0 

Lactucca  serriohi 

0.0 

0.0 

4.5 

2.8 

Lt/copus  lucidus 

0.2 

3.0 

0.0 

0.0 

MuUienbcr<iia  aspcri  folia 

0.0 

0.0 

1.3 

0.0 

Xepeta  cataria 

0.0 

0.0 

0.0 

1.3 

Pliahiris  arundinacca 

0.0 

0.0 

2.7 

0.4 

Pohil^onum  cocciiwum 

1.5 

6.2 

0.0 

1.3 

Populus  deltiodes 

7.3 

43.2 

4.5 

.35.2 

Rumt'x  sp. 

1.2 

0.0 

0.0 

0.0 

Salix  am ygdaliodes 

95.8 

65.9 

79.1 

0.0 

Salix  cxigua 

0.0 

0.0 

0.4 

1.4 

S(dix  fagilis 

0.0 

0.0 

0.0 

73.6 

Solauum  dulcamara 

.35.5 

45.4 

10.9 

20.8 

Sonchus  asper 

0.0 

0.0 

0.0 

4.7 

Tamarix  ramosissima 

0.4 

0.4 

18.5 

0.0 

Vrtica  dioica 

0.8 

8.5 

0.0 

0.0 

Xanthium  strumarium 

0.9 

6.0 

0.1 

0.8 
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DISTRIBUTION  OF  THE  SHOSHONE  SCULPIN  (COTTUS  GREENEI:  COTTIDAE) 
IN  THE  HAGERMAN  VALLEY  OF  SOUTH  CENTRAL  IDAHO 

Ricluird  L.  Wallace',  J.  S.  Griffith,  Jr.  ,  D.  M.  Daley', 
Patrick  J.  Connolly'  and  G.  B.  Beckhanr 


.\bstract.—  Cottus  greenei,  a  potentially  threatened  species  endemic  to  Idaho,  was  collected  from  49  localities  in 
25  springs/streams  in  south  central  Idaho.  Most  localities  were  along  the  north  hank  of  the  Snake  River  in  waters  of 
the  Thousand  Springs  formation,  Gooding  County.  One  population  was  found  in  a  spring  in  the  main  Snake  River. 
.Another  sculpin,  Cottus  hairdi,  was  collected  with  C.  greenei  at  23  locations  in  16  springs/streams.  Confusion 
concerning  the  type  locality  of  Cottus  greenei  is  discussed. 


The  Shoshone  sculpin,  Cottus  greenei  (Gil- 
bert and  Culver  1898),  has  the  most  restrict- 
ed distribution  of  any  native  fish  in  Idaho  ex- 
cept the  endemic  fishes  of  Bear  Lake.  Until 
recently,  the  species  was  known  to  occur 
only  in  three  streams  (Riley,  Sand  Springs, 
and  Billingsley  creeks)  in  the  Thousand 
Springs  area  of  the  Hagerman  Valley  of  south 
central  Idaho  (Simpson  and  Wallace  1978). 
Wallace  (1980)  reported  Cottus  greenei  from 
one  additional  stream  in  the  area  and  noted 
the  possibility  of  its  occurrence  in  the  main 
Snake  River.  Tlie  U.S.  Fish  and  Wildlife  Ser- 
vice initiated  a  status  review  of  C.  greenei  in 
1980  because  of  its  restricted  distribution  and 
impending  development  of  waters  in  the 
area.  By  that  time,  the  species  was  known  to 
occur  in  at  least  10  streams  and  springs  in  the 
Thousand  Springs  formation  (Williams  1980). 
During  1981  we  made  over  130  collections 
from  about  100  localities  in  the  area  to  define 
the  distribution  of  the  Shoshone  sculpin  more 
clearly.  This  report  on  the  distribution  of 
Cottus  greenei  is  a  segment  of  a  larger  study 
to  determine  the  distribution,  abundance, 
habitat  preferences,  and  life  history  of  this 
potentially  threatened  fish  species  in  Idaho. 
Specific  locations  of  all  populations  of  Cottus 
greenei  collected  by  us  and  sampling  sites 
where  C.  greenei  were  not  found  are  on  file 
at  the  University  of  Idaho  and  Idaho  State 
University. 


Taxonomy  and  Type  Locality 

The  Shoshone  sculpin  was  named  and  de- 
scribed as  Uranidea  greenei  by  Gilbert  and 
Culver  (1898:1965).  Uranidea  was  later  syn- 
onymized  with  Cottus  (Jordan  et  al.  1930). 
There  has  been  some  confusion  concerning 
the  location  of  the  type  locality  of  C.  greenei. 
The  original  description  was  based  on  speci- 
mens collected  in  1894  (Jordan  and  Ever- 
mann  1898).  The  type  locality  was  listed  as 
"Thou-sand  Springs,  Snake  River,  Idaho,  near 
mouth  of  Salmon  Fall  River."  Salmon  Fall 
River  (now  referred  to  as  Salmon  Falls 
Creek)  enters  the  Snake  River  from  the  south, 
nearly  opposite  Thousand  Springs.  Thus, 
Salmon  Falls  Creek  might  be  considered  the 
type  locality.  The  expedition  on  which  the 
type  of  C  greenei  was  collected  was  different 
from  that  reported  by  Gilbert  and  Evermann 
(1894)  (Robert  R.  Miller,  pers.  comm.). 
Therefore,  the  type  locality  of  Cottus  greenei 
is  Thousand  Springs,  Gooding  County,  Idaho, 
and  not  Salmon  Falls  Creek,  Twin  Falls 
County. 

One  specimen  of  Cottus  greenei  housed  in 
the  fish  collection  of  the  Museum  of  Zoology, 
University  of  Michigan  (UMMZ  157055)  is 
labeled  as  being  collected  from  Salmon  Falls 
Creek  in  1948  by  James  Simpson  of  the  Idaho 
Department  of  Fish  and  Game.  Mr.  Simpson 
told  us  he  never  found  C.  greenei  on  the 
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Fig.  1.  Distribution  of  Shoshone  sculpin  {Cotttts  greenei)  and  mottled  sculpin  (C.  haircU]  in  the  Hagerman  Valley 
area  of  south  central  Idaho.  Not  all  localities  are  .shown. 


south  side  of  the  Snake  River  and  does  not  re- 
member ever  collecting  it  in  Salmon  Falls 
Creek  (James  Simpson,  pers.  comm.).  This 
same  information  was  transmitted  to  R.  M. 
Bailey  when  Simpson's  Idaho  fish  collections 
were  sent  to  Michigan  in  April  1948  (Robert 
R.  Miller,  pers.  comm.).  We  made  three  sepa- 
rate collections  in  lower  Salmon  Falls  Creek, 
one  very  near  the  place  where  Mr.  Simpson 
collected  in  1948,  and  found  only  Coitus 
hairdi.  Therefore,  we  believe  that  the  locality 
data  on  that  specimen,  UMMZ  157055,  are 
incorrect  and  that  Cottiis  greenei  does  not  oc- 
cur in  Salmon  Falls  Creek. 

Methods 

We  used  D.C.  and  A.C.  electrofishing  gear 
and  dip  nets  to  collect  sculpins  from  most  lo- 
calities. Scuba  surveys  were  made  in  deep 
pools  of  tributary  streams  and  in  areas  of  the 
main  Snake  River.  Divers  collected  sculpin 
with  hand-operated  slurp  guns.  When  pos- 
sible, sculpin  were  identified  and  released  at 
the  place  of  capture.  Some  samples  were  pre- 


served in  10%  formalin  to  fulfill  other  objec- 
tives of  the  study.  All  preserved  specimens 
will  be  retained  in  the  fish  collections  at  the 
University  of  Idaho  and  Idaho  State 
University. 

Results  and  Discussion 

Cottus  greenei  was  found  at  49  locations  in 
25  springs/streams  in  the  Hagerman  Valley 
(Fig.  1).  With  two  exceptions,  C.  greenei  oc- 
curred only  in  Gooding  County.  Most  sites 
were  within  the  Thousand  Springs  formation 
along  the  north  bank  of  the  Snake  River  be- 
tween River  Miles  (RM)  565.8  and  590.5.  We 
found  only  two  localities  containing  C.  green- 
ei on  the  south  side  of  the  Snake  River  in 
Twin  Falls  County.  An  unnamed  spring  flow- 
ing into  the  Snake  River  at  RM  566.6  con- 
tained a  very  small  population  of  Shoshone 
sculpin.  At  RM  588.3,  a  few  C.  greenei  were 
found  in  the  outflow  from  the  private  fish 
hatchery.  Their  water  supply  is  collected 
from  Box  Canyon  Springs,  immediately 
across  the  Snake  River,  and  piped  to  the 


326 


Great  Basin  Naturalist 


Vol.  44,  No.  2 


south  hank  where  the  hatchery  is  located. 
Apparently,  some  individual  sculpin  have 
been  transported  across  the  Snake  River  with 
the  water  that  is  diverted  to  this  hatchery. 
The  most  upstream  collection  came  from 
Briggs  Springs  at  RM  590.5.  There  are  many 
additional  springs  entering  the  Snake  River 
above  this  site,  but  intensive  sampling  and  an 
analysis  of  existing  collections  of  sculpins 
from  these  areas  revealed  only  the  mottled 
sculpin,  Cottus  bairdi. 

The  mottled  sculpin  was  found  throughout 
the  area  and  was  the  only  species  of  sculpin 
foimd  in  the  streams  entering  the  Snake  Riv- 
er from  the  south.  C.  bairdi  was  found  sym- 
patrically  with  C.  greenei  at  23  localities  in 
16  streams/springs  in  the  area.  Other  fish 
species  collected  in  the  area  included  rain- 
bow trout  {Sabno  gairdneri),  brown  trout 
{Sabno  tnitta),  longnose  dace  (Rbinicbtbys 
cataractae),  speckled  dace  (fi.  oscuhis),  north- 
ern squawfish  {Ptychocheibis  oregonensis), 
redside  shiner  {Ricbardsonius  balteatus),  chis- 
elmouth  {Acrocbeibis  abitaceus),  peamouth 
chub  {Mylocbeibis  cauriniis),  largescale  suck- 
er (Catostomus  macrocheibis),  largemouth 
bass  {Micropterus  sabnoides),  and  bluegill  (Le- 
pornis  macrocbirus).  Rainbow  trout,  brown 
trout,  longnose  dace,  and  mottled  sculpin 
were  found  sympatrically  with  the  shoshone 
sculpin  except  at  two  localities.  At  Blue 
Hearts  Springs  in  the  Snake  River,  redside 
shiners,  largescale  suckers,  and  largemouth 
bass  were  also  collected.  Redside  shiners 
were  collected  with  C.  greenei  in  Upper  Sand 
Springs  Creek.  C.  greenei  was  not  found  in 
the  Malad  River  (four  sampling  locations), 
Salmon  Falls  Creek  (three  sites),  or  Deep, 
Mud,  and  Cedar  Draw  creeks. 

Most  locations  sampled  apparently  contain 
small  populations  of  C.  greenei,  perhaps  only 
a  few  dozen  to  a  few  hundred  individuals.  At 
least  three  sites,  however,  support  popu- 
lations of  thousands  of  Shoshone  sculpin.  Two 
of  these  sites.  Box  Canyon  and  Blue  Hearts 
Springs,  are  entirely  or  partially  on  public 
lands  administered  by  the  Bureau  of  Land 
Management.  The  third  site.  Sand  Springs 
Creek,   is   imder   private   ownership,   as   are 


most  of  the  springs  supporting  smaller  popu- 
lations of  C.  greenei.  Riley  creek,  a  stream 
containing  a  fairly  large  population  of  C. 
greenei,  flows  through  state  and  federal  fish 
cultural  stations  and  a  state  wildlife  manage- 
ment area.  Most  populations  in  this  stream, 
however,  are  located  in  the  various  springs 
feeding  the  creek  and  in  the  hatchery  race- 
ways. We  found  no  C.  greenei  in  Riley  Creek 
below  the  wildlife  management  area. 
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STANDING  CROPS  AND  DYNAMICS  OF  PHYTOMASS  AND 
MINERALS  IN  TWO  SALT  DESERT  SHRUB  COMMUNITIES 

R.  S.  Bjerregaard',  N.  E.  West',  M.  M.  Caldwell-,  and  H.  F.  Mayland' 

Abstract.—  Of  two  salt  desert  shrub  communities  studied  in  Curlew  Valley,  Utah,  the  Atriplex  cot^fertifolia- 
dominated  community  had  15%  greater  total  midsummer  phytomass  than  the  Ceratoides  lanata  community.  The 
larger  Atriplex  shnibs  contained  much  more  woody  tissue  for  support  of  photosynthetic  tissues  than  did  Ceratoides. 
Atriplex  ahoveground  phvtomass  and  litter  were  about  twice  those  of  Ceratoides.  Ceratoides  litter  was  generally  fine 
and  easily  decomposable,  but  Atriplex  litter  contained  about  equal  proportions  of  coarse,  resistant  woody  tissues  and 
fine,  easily  decomposable  material.  Atriplex  root  phytomass  was  1.3  times  that  of  Ceratoides  at  the  2-.30  cm  depth, 
but  at  depths  below  ,30  cm,  Ceratoides  exhibited  up  to  three  times  greater  root  phytomass  and  had  23%  more  root 
mass  oyerall. 

Net  aboveground  community  primary  production  was  estimated  to  be  about  one-third  greater  in  the  Atriplex  than 
Ceratoides  community.  Turnover  times  for  readily  decomposable  aboyegroiuid  litter  were  quite  similar,  but,  because 
Atriplex  produced  coarser  litter,  its  overall  rate  was  somewhat  slower  than  that  of  Ceratoides. 

Analyses  of  selected  minerals  in  plant  parts,  litter,  and  soil  revealed  that  about  90%  of  the  mineral  capital  is  in  the 
soil,  mostly  within  organic  matter.  Nearly  equivalent  pools  of  mineral  elements  were  foiuid  in  the  two  communities, 
except  for  greater  Na  in  the  Atriplex  community. 


Primarily  because  of  relatively  low  pro- 
ductivities, insignificant  nutrient  losses  by 
leaching,  and  slow  losses  due  to  biological  ex- 
port, primary  production  (Caldwell  1975) 
and  nutrient  cycling  processes  (West  1981)  of 
arid  grazing  lands  have  received  little  basic 
study.  Disturbance  of  desert  vegetation  is  fol- 
lowed by  slow  recovery.  If  soil  erosion  is 
great,  nearly  permanent  damage  to  site  po- 
tential can  occur  during  periods  of  dimin- 
ished vegetation.  Knowledge  of  ecosystem 
structure  will  aid  interpretations  of  and  deci- 
sions for  managing  these  areas. 

In  the  interests  of  providing  data  for  com- 
parison purposes,  we  report  the  following 
study  of  standing  crops  and  dynamics  of 
phytomass  and  selected  mineral  elements  in 
communities  dominated  by  nearly  pure 
stands  of  Atriplex  confertifolia  (Torr.  & 
Frem.)  Wats,  (shadscale)  and  Ceratoides  la- 
nata (Pursh.)  J.  T.  Howell  (winterfat),  two 
major,  perennial  species  of  the  salt  desert 
shrub  type  (West  1983)  in  the  intermontane 
basins  of  the  interior  western  United  States. 
Estimates  of  net  aboveground  primary  pro- 
ductivity and  turnover  rates  of  litter  are 
made  for  both  communities. 


Ceratoides  is  more  palatable  to  livestock 
and  has  been  widely  replaced  by  the  less 
palatable  Atriplex  confertifolia  or  annual 
weeds  (West  1982).  We  wished  to  compare 
production  and  nutrient-cycling  processes  on 
sites  dominated  by  perennial  species  to  antic- 
ipate whether  further  losses  of  Ceratoides 
dominance  had  unfavorable  implications 
from  primary  production  and  nutrient- 
cycling  viewpoints. 

Methods 

Plant,  litter,  and  soil  samples  were  collect- 
ed in  Curlew  Valley  of  northwestern  Utah 
(41°52'N,  113°5'W).  The  sites  selected  were 
on  nearly  level,  lacustrine  soils  covered  by 
pluvial  Lake  Bonneville  prior  to  about  7000 
years  ago  (Eardley  et  al.  1957).  The  soil  pro- 
files of  both  sites  were  classified  as  belonging 
to  the  fine  silty  mesic  family  of  Xerollic  Cal- 
ciorthids,  Thiokol  Series  (A.  R.  Southard, 
pars,  comm.)  and  were  0.8  km  apart  on  the 
1350  m  contour.  Previous  investigators  of  soil 
chemical  (Gates  et  al.  1956)  and  physical 
characteristics  (Mitchell  et  al.  1965)  had 
concluded  that  the  soils  under  Atriplex  and 
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Ceratoides  in  this  area  did  not  differ  in  a 
statistically  significant  sense. 

The  vegetation  was  composed  of  nearly 
monospecific  stands  of  the  two  dominant 
plants,  Atriplex  confertifolia  and  Ceratoides 
lanata  (see  Mitchell  et  al.  1965).  Total  higher 
plant  cover  (line  intercept  method)  averaged 
22%  in  the  Atriplex  and  20%  in  the  Ceratoides 
community.  Ceratoides  plants  are  small  half- 
shRibs  quite  evenly  dispersed,  whereas  Atri- 
plex plants  are  true  shrubs  from  5  to  20  times 
larger  and  less  uniformly  distributed  (West 
and  Baasher  1968).  The  area  had  been  used 
by  livestock  since  at  least  the  1870s.  Because 
open  water  is  at  least  6  km  distant,  most  of 
the  livestock  use  was  in  winter  by  sheep.  This 
compantively  light  use  has  apparently  al- 
lowed tne  more  palatable  species  to  persist  in 
pure  stands.  Plots  used  in  this  study  were 
fenced  in  1967  with  sheep-,  cattle-,  and  rab- 
bit-proof netting. 

Each  community  was  subdivided  into  four 
major  components:  shoots,  roots,  litter,  and 
soil.  A  single  annual  sampling  of  each  com- 
partment was  made  in  late  July  or  early  Au- 
gust of  1968,  1969,  and  1970.  This  sampling 
followed  the  period  of  maximum  growth  of 
the  shrubs  and  water-stress-induced  drop  of 
ephemeral  leaves  (West  and  Gasto  1978). 
Aboveground  phytomass  (living  +  standing 
dead  plants  and  litter)  estimates  were  made 
by  harvesting  plants  from  randomly  selected 
1-  and  4-m2  plots  in  Ceratoides-  and  Atriplex- 
dominated  vegetation,  respectively.  Quadrat 
dimensions  and  numbers  were  predetermined 
to  yield  phytomass  estimates  within  15%  of 
the  true  mean  (P<0.1).  Plants  were  clipped 
at  ground  level  and  separated  from  adhering 
soil  and  litter. 

Aboveground  net  primary  community  pro- 
duction was  estimated  by  a  technique  using 
the  ratio  between  the  oven  dry  masses  of  old 
and  new  growth  (Whittaker  1961)  of  40  indi- 
vidual plants  of  each  species.  Plant  numbers 
were  predetermined  to  estimate  this  ratio 
within  10%  of  the  true  mean  (P<0.1). 

Litter  was  collected  from  the  total  area  of 
each  plot  after  removal  of  aboveground  plant 
parts.  In  Atriplex  plots,  the  litter  could  be  di- 
vided into  two  classes,  a  coarse  fraction  that 
was  resistant  to  decay  and  composed  of 
woody  material  such  as  dead  stem  bases,  and 
a  fine,  easily  decomposable  fraction  of  leaves 


and  finer  stem  material.  Surface  soil  particles 
were  removed  by  shaking  the  litter  on  a  1.6- 
mm  sieve,  followed  by  washing  and  flotation. 
The  Ceratoides  litter  was  virtually  all  of  fine 
composition,  so  that  fractionation  was  not 
necessary.  Distinctly  standing  dead  material 
was  included  in  the  litter  fraction.  Woody, 
aboveground  portions  of  shrubs  with  dis- 
tinctly live  tissue  were  included  in  the  shoot 
fraction.  Root  phytomass  and  soil  bulk  den- 
sity values  were  determined  from  randomly 
placed  8.4-cm-diameter  core  samples  taken 
with  a  bucket  auger  from  the  aboveground 
biomass  sampling  plots,  at  depth  increments 
of  2-30,  30-60,  and  60-90  cm.  This  sampling 
depth  included  98%  of  the  root  mass  (Gasto 
1969). 

Roots  were  partially  separated  from  soil 
using  a  1.6-mm  sieve,  followed  by  washing 
and  flotation. 

Old  shoot  growth,  new  shoot  growth,  root 
mass,  and  litter  were  dried  with  forced  air  at 
60  C  for  48  hr  and  ground  to  pass  a  40-mesh 
sieve.  Samples  were  analyzed  for  total  N  by 
semimicro  Kjeldahl  techniques.  To  determine 
P,  K,  Na,  Ca,  and  Mg  content,  a  1.0  g  sample 
was  digested  for  2  hr  with  16  ml  HNO3  -I- 
2.4  ml  HCIO3  +  1.6  ml  H^SO^,  after  which  it 
was  cooled,  filtered,  and  diluted  to  an  appro- 
priate volume.  Phosphorus  was  determined 
colorimetrically  as  phospho-vanado-molyb- 
date  and  other  elements  were  measured  by 
atomic  absorption  spectrophotometry.  Only 
soil  organic  carbon  is  included  here  since  to- 
tal carbon  budgets  of  these  ecosystems  had 
been  previously  considered  by  Caldwell  et  al. 
(1977). 

The  soil  organic  carbon  was  determined  by 
wet  combustion  in  an  excess  of  potassium  di- 
chromate  solution.  Excess  dichromate  was  re- 
duced by  addition  of  ferrous  ammonium  sul- 
fate solution,  which  in  turn  was  titrated  with 
standardized  potassium  permanganate  solu- 
tion. The  difference  between  the  amount  of 
standardized  potassium  permanganate  used 
in  titrating  blanks  and  soil  samples  served  as 
the  basis  for  calculation  of  organic  carbon. 
Since  soil  samples  contained  appreciable 
quantities  of  carbonate  and  chloride  salts, 
concentrated  sulfuric  acid  containing  25  g  of 
silver  sulfate  per  pound  was  used  to  drive  off 
inorganic  carbonates  and  prevent  inter- 
ference of  chlorides  by  precipitating  with  the 
silver  ion  (Jackson  1958). 
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The  soil  separated  from  each  of  the  root 
mass  samples  was  air  dried  prior  to  chemical 
analysis.  Total  N  was  determined  by  the  Kjel- 
dahl  procedure.  Soil  P  was  extracted  by  .5  A^ 
NaHCOj  and  determined  by  the  phospho- 
vanado-molybdate  method,  and  other  miner- 
als were  determined  by  atomic  absorption  on 
a  HNO3-HCO3  (3:1)  digestion. 

Total  soluble  salt  content  of  soil  was  deter- 
mined by  measuring  resistance  of  the  saturat- 
ed soil  paste  and  converting  the  temperature- 
adjusted  values  according  to  method  5  (U.S. 
Salinity  Laboratory  1954). 

Results  and  Discussion 

Phytomass 

Total  midsummer  phytomass,  as  well  as 
the  amoimts  in  most  compartments,  signifi- 
cantly differed  between  communities  (Table 
1).  Total  plant  and  litter  weights  in  the  Atri- 
plex  community  were  about  15%  greater  than 
those  found  in  the  Ceratoides  community.  At- 
riplex  showed  about  60%  greater  total  shoot 
phytomass  than  Ceratoides.  The  Atriplex  lit- 
ter phytomass  fractions  were  over  twice  as 

Table  1.  Midsummer  phytomass  (oven-dry  g  m"^)  in 
Atriplex  confeiiifolia  and  Ceratoides  /anflfa-dominated 
communities,  by  compartments.  Curlew  Valley,  Utah. 
Average  of  1968,  1969,  and  1970  midsummer  samples  ± 
90%  confidence  intervals. 


Depth 

Comniun 

ity  type 

Compartment 

Atriplex 

Ceratoides 

cm 

-2 

Shoots 

g  m 

New  growth 

84  ±11 

70  ±13 

Old  growth 

333  ±25 

172  ±  22 

Total  shoot 

phytomass 

417  ±36 

241  ±35 

Roots' 

0- 

-30 

945  ±62 

721  ±  69 

30- 

-60 

292  ±35 

668  ±42 

60- 

-90 

76±9 

218  ±30 

Total  root 

phytomass 

0-90 

1,313  ±76 

1,607  ±90 

Litter 

Coarse 

446  ±20 

— 

Fine 

403  ±26 

400  ±26 

Total  litter 

weight 

849  ±36 

400  ±26 

Total  plant 

AND  LITTER 

VVTEICHT 

2,579  ±141 

2,249  ±119 

'Estimate  includes  root  litter 


great  as  that  of  the  Ceratoides-dominsLted 
community.  It  is  particularly  .significant  that 
the  current  year's  aboveground  growth  of  At- 
riplex was  about  20%  greater  than  that  of 
Ceratoides.  Not  all  this  new  growth  in  Atri- 
plex is  photosynthetic.  Caldwell  et  al.  (1977) 
reported  about  19%  of  the  new  shoot  growth 
fractions  of  this  plant  to  be  non- 
photosynthetic.  Much  less  (about  10%)  was 
nonphotosynthetic  in  Ceratoides.  A  principal 
difference  between  the  aboveground  phyto- 
masses  of  Atriplex  and  Ceratoides  commu- 
nities appeared  to  be  in  the  woody  nature  of 
the  former.  New  growth  in  Atriplex  occurs  on 
old,  woody  stems,  but  much  of  the  new 
growth  of  Ceratoides  originates  from  a  woody 
base,  there  being  no  hard  wood  in  the  form 
found  in  Curlew  Valley.  The  woody,  spiny 
nature  of  Atriplex  makes  it  comparatively 
more  resistant  to  browsing  than  is  Ceratoides 
(Gasto  1969). 

Only  in  total  belowground  phytomass  did 
the  Ceratoides  system  exceed  Atriplex.  Atri- 
plex had  somewhat  more  root  mass  in  the  up- 
per 30  cm  of  the  soil  profile,  but  only  42%  as 
much  as  Ceratoides  was  found  below  30  cm. 

The  distribution  of  root  biomass  was  close- 
ly related  to  soil-textural  conditions  and  total 
soluble  salt  distribution  in  the  two  soil  pro- 
files (Fig.  1).  The  Atriplex-dominated  site  had 
higher  clay  content  in  the  upper  part  of  its 
soil  profile.  This  soil  has  a  slower  infiltration 
rate  and  under  equal  rainfall  wets  to  shallow- 
er depths  than  the  Ceratoides  soil  (Gasto 
1969). 

The  greater  woodiness  and  concentration 
of  roots  of  Atriplex  closer  to  the  soil  surface 
contrasts  with  less  woodiness  and  continu- 
ance of  high  densities  of  Ceratoides  roots  to 
greater  depths.  The  two  species  thus  had  tis- 
sue concentrations  in  somewhat  different  mi- 
croenvironments  both  above-  and 
belowground.  Both  species  had  very  high 
root:shoot  ratios,  also  typical  of  dominants  in 
cold-winter  temperate  deserts  elsewhere  (Ro- 
din and  Basilevich  1967).  Brewster  (1968)  and 
Wagner  (1980)  have  speculated  that  the  high 
proportion  of  roots  is  related  to  most  of  the 
soil  moisture  coming  from  winter  snowmelt. 
Cold  to  cool  season  precipitation  is  the  only 
input  that  normally  infiltrates  to  great 
enough  depths  to  escape  evaporation  in  such 
environments  (Caldwell  et  al.  1977).  Arrested 
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Fig.  1.  The  vertical  distribution  of  total  soluble  salts  (%)  in  soils  under  the  Atriplex  and  CcrafoiV/cs-doniinated 
comminiities,  July  1968. 


growth  and  a  dieback  of  some  aboveground 
tissues  are  usually  related  to  the  water 
stresses  experienced  during  the  summer 
(Love  and  West  1972). 

Net  Aboveground  Primary  Production 

Estimates  of  average  aboveground  net  pri- 
mary production  in  the  Atriplex  community 
were  significantly  higher  than  for  the  Cera- 
toides community  (Table  2).  Only  during 
1968  did  aboveground  production  of  Cera- 
toides exceed  the  aboveground  production  of 
Atriplex.  The  differences  were  not  statisti- 
cally significant,  however.  Although  a  single 
end-of-growing-season  harvest  nearly  always 


Table  2.  Estimates  of  net  annual  aboveground  pri- 
mary production  (gm  m"^  yi-^  ±  90%  confidence  inter- 
vals) in  Atriplex-confertifolia-  and  Ceratoides-hinata- 
dominated  communities. 


Commi 

anity  type 

Year 

Atriplex 

Ceratoides 

1968 
1969 
1970 
Mean 

78±9 

61  ±6 

113  ±12 

84±7 

83±5 
50±4 
76±5 
70±4 

underestimates  net  aboveground  primary 
production  and  the  data  in  Table  2  should  be 
more  properly  labeled  "new  green  growth," 
single-harvest  data  prevail  in  the  literature 
dealing  with  this  type  of  vegetation. 

Similar  between-communities  differences 
in  average  net  aboveground  primary  produc- 
tion were  found  in  other  phytomass  and  pro- 
duction studies  of  chenopod  shrublands  in 
Curlew  Valley  (Caldwell  et  al.  1977).  In  their 
studies,  addition  of  litter  that  had  fallen  prior 
to  clipping  accounted  for  only  2%  to  9%  of 
their  annual  shoot  production  estimates. 
Fetcher  and  Trilica  (1980),  using  six  years  of 
data  gathered  from  the  same  area,  reported 
that  annual  aboveground  production  of  Atri- 
plex and  Ceratoides  (also  estimated  from  a 
single  midsummer  clipping  of  new  growth) 
was  well  correlated  with  growing  season 
(March-June)  precipitation  (P<0.10  and 
P<.009,  respectively). 

The  comparison  of  these  phytomass  and 
aboveground  production  data  with  salt  desert 
shrub  communities  elsewhere  (Rodin  and 
Basilevich  1967,  Holmgren  and  Brewster 
1972,  Branson  et  al.  1976,  Osmond  et  al. 
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1980)  is  difficult  because  of  differing  environ- 
ments, definitions,  and  methodologies.  Herbi- 
vory  and  amounts  of  prior  leaf  fall  are,  like 
herein,  often  ignored,  as  are  increments  to 
stem  wood  on  the  irregularly  shaped  stems  of 
these  shrubs.  The  weight  of  developing  fruit 
is  included  here.  A  greater  problem,  how- 
ever, is  determination  of  live  and  dead  tis- 
sues. Desert  shnibs  such  as  Atriplex  have  a 
large  fraction  of  standing  dead  wood.  It  is 
difficult  on  some  Atriplex  plants  to  decide 
what  part  of  the  plant  is  alive. 

The  reason  for  the  small  differences  in 
means  and  confidence  intervals  for  new  shoot 
growth  in  Table  1  and  2  is  that  the  former 
are  plot  based,  and  the  latter  are  determined 
from  a  random  selection  of  individual  plants. 

Our  estimates  of  the  weights  of  above- 
ground  litter  (Table  3)  probably  exceed  the 
long-term  averages  due  to  drought-induced 
increases  in  mortality  of  plant  parts  following 
a  period  of  above-normal  precipitation  prior 
to  and  early  in  our  study  period  (West  and 
Gasto  1978). 

For  a  detailed  discvission  of  below  ground 
plant  community  dynamics  at  this  study  site 
see  Caldwell  and  Fernandez  (1975)  and  Cald- 
well et  al.  (1977).  Belowground  production 
was  roughly  3.5  times  that  of  aboveground. 

Litter  Turnover 

Estimates  of  litter  turnover  are  crucial  to 
our  considerations  of  mineral  cycling  since 
htter  represents  the  largest  and  most  readily 
available  source  of  organically  incorporated 
nutrients.  Turnover  of  soil  surface  litter  and 
the  standing  dead  portion  was  estimated  by 
dividing  estimates  of  mean  net  aboveground 

Table  3.  Estimates  of  aboveground  litter  standing 
crops  (oven-dry  gni  ni"^)  in  Atriplex-  and  Ceratoides- 
doniinated  communities,  Curlew  Valley,  Utah.  Midsum- 
mer values  for  the  vears  1968-1970. 


Community  type 

Component 

Year 

Type 

Atriplex 

Ceratoides 

Shoot  litter 

1968 

Coarse 

446 

— 

Fine 

426 

381 

1969 

Coarse 

479 

— 

Fine 

380 

355 

1970 

Coarse 

413 

- 

Fine 

397 

465 

Average 

1968-70 

Coarse 

446 

- 

Fine 

403 

400 

primary  production  by  mean  aboveground 
litter  fractions  (Table  4).  This  was  done  on 
the  assumption  that,  if  the  communities  were 
successionally  stable,  or  nearly  so,  the  long- 
term  values  for  new  growth  should  equal  lit- 
ter fall.  The  true  turnover  coefficients  are 
probably  higher  than  the  values  in  Table  4 
due  to  likely  underestimations  in  net  primary 
production  discussed  previously. 

The  decomposition  of  Atriplex  and  Cera- 
toides fine  shoot  litter  was  quite  comparable, 
but  when  the  coarse  litter  of  Atriplex  was 
added,  a  much  slower  recycling  of  minerals 
was  suggested.  The  overall  differences  in  lit- 
ter turnover  were  closely  related  to  growth 
habit  (Table  4).  Atriplex  plants  were  larger 
and  had  a  high  proportion  of  hard,  woody  tis- 
sue. Ceratoides  stems  were  generally  less  than 
0.5  cm  in  diameter  and  more  easily  decom- 
posed. Atriplex  coarse  litter  was  derived  from 
woody  stem  tissue  that  accumulates  over  the 
life  of  an  individual  plant.  More  rapid  de- 
composition of  litter  in  the  Atriplex  commu- 
nity was  suggested  when  only  fine  litter  was 
considered  (Table  4).  Greater  N  content  of 
Atriplex  new  growth  compared  to  Ceratoides 
may  be  causually  associated  with  this 
difference. 

Root  litter  production  could  not  be  re- 
liably estimated  because  of  the  difficulty  in 
separating  live  and  dead  roots.  Descriptions 
of  the  problems  involved  and  initial  attempts 
to  deal  with  these  important  processes  can  be 
found  in  Caldwell  and  Camp  (1974)  and 
Caldwell  and  Fernandez  (1975).  Hodgkinson 
et  al.  (1978)  suggests  that  less  than  10%  of  the 
root  phytomass  in  Atriplex  confertifolia  com- 
munities may  be  alive,  leading  to  the  possible 
conclusion  that  most  of  the  belowground 
phytomass  is  litter. 


Table  4.  Turnover  coefficients  (fraction  decomposed 
each  year)  and  turnover  time  for  soil  surface  litter 
(years)  in  Atriplex-  and  Ceratoides-dominated  commu- 
nities based  on  1968-70  phvtomass  estimates  and  above- 
ground  new  growth  fractions,  assuming  steady  state 
conditions. 


Community  type 


Atriplex 


Ceratoides 


Turnover  coefficient 
Turnover  time  (yr) 


0.09  (.21)' 
10.1  (4.8)' 


0.17 
5.71 


'Turnover  time  for  easily  decomposable  fine  litter  fraction  only  in 
parentheses 
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Mineral  Concentrations 
within  the  Compartments 

Tables  5  and  6  list  means  and  standard  de- 
viations in  concentrations  of  selected  mineral 
elements  in  various  plant  parts,  litter,  and 
soil  in  the  two  community  types.  Discussion 
of  some  major  (statistically  significant  = 
within  one  standard  deviation,  to  include  the 
mean  68%  of  the  time)  descriptive  differ- 
ences will  be  followed  by  other  reorganiza- 
tions of  the  data,  attempting  to  rank  the  ele- 
ments in  order  of  their  probable  roles  in  lim- 
iting community  functions. 

Concentrations  of  K,  Na,  Ca,  and  Mg  in 
the  new  shoot  growth  fraction  of  Atriplex 
were  significantly  higher  (P<.001,  .001,  .15, 
and  .3,  respectively)  than  in  Cerotoides.  The 
concentrations  of  elements  in  old  shoot 
growth  were  comparable  between  the  two 
species  except  that  Na  was  significantly  high- 
er in  Atriplex.  The  two  species  had  similar  ra- 
tios of  elemental  concentrations  in  new  to  old 
shoot  growth,  except  for  N,  P,  Na,  Ca,  and 
Mg.  This  similarity,  coupled  with  the  obser- 
vation that  N,  K,  Na  and  Mg  concentrations 
were  significantly  higher  in  the  new  growth 
fraction  in  both  species,  hints  at  their  pos- 
sible limiting  function  (Charley  1977).  In 
Curlew  Valley,  K,  Na,  and  Mg  are  very  abun- 
dant and  soluble  in  soil  solutions  and  may  be 
taken  up  in  quantities  far  in  excess  of  meta- 
bolic need  (luxury  consumption). 


Elemental  concentrations  in  litter  were 
comparable  between  communities  except 
that  Na  was  higher  in  the  fine  fraction  of  At- 
riplex and  K  was  higher  in  Ceratoides  litter. 
Statistically  significantly  higher  Na  concen- 
trations appeared  in  upper-level  Atriplex 
roots,  and  Ca  was  higher  throughout  all  root 
depths  of  Ceratoides.  Concentrations  of  ele- 
ments in  the  soils  showed  pronounced,  sim- 
ilar decreases  of  C,  N,  and  K  with  increasing 
depth  in  both  community  types.  Atriplex  soils 
had  significantly  greater  P  and  Na  at  all 
depths. 

Interpretations  of  nutrient  concentrations 
at  one  point  in  time  and  space  are  limited  in 
value  because  of  translocation  and  the  known 
seasonal  dynamics  of  the  elements  (Breckle 
1976).  Nevertheless,  some  relationships  with 
anatomical  and  physiological  knowledge  can 
be  discussed. 

Direct  comparison  of  these  data  with  those 
of  prior  studies  (Wiebe  and  Walter  1972, 
Moore  et  al.  1972,  Breckle  1974,  1976)  at  the 
same  site  is  difficult  since  the  earlier  studies 
dealt  with  soluble  forms  (including  some  an- 
ions) in  expressed  sap  from  fresh  growth  of 
leaves  and  stems  rather  than  the  ash  form 
concentrations  presented  here.  The  same 
general  species  differences,  however,  were 
found  in  the  new  growth  fractions. 

Atriplex  is  known  to  accumulate  salts  in 
vesicular  epidermal  cell  leaf  hairs  that  even- 
tually rupture  and  deposit  salts  on  the  leaf 


Table  5.  Means  and  standard  deviations  of  elemental  concentrations  (mg  g"')   in   various  components  of  a 
Ceratoides-lanata-dominated  ecosystem.  Curlew  Valley,  Utah.  Average  of  1968,  1969,  and  1970  samples. 


C 

N 

P 

K 

Na 

Ca 

Mg 

Shoots 

New  growth 

11.9±2.4 

l.l±.l 

13.5  ±1.0 

.9±.l 

19.5±2.5 

3.95  ±.47 

Old  growth 

10.9±1.2 

l.l±.l 

6.6  ±.8 

.8±.l 

22.2  ±2.2 

.3..53±.61 

Litter 

13.7±1.4 

1.2  ±.2 

4.0  ±0.4 

.5±1.7 

15.7±1.7 

2.97  ±.43 

Roots 

()-30 

16.3±1.5 

1.4±.l 

5.1  ±.9 

2.0  ±1.2 

47.5  ±5.5 

5. 14  ±.94 

30-60 

16.1  ±1.8 

1.5±.l 

5.1  ±.7 

3.4  ±1.5 

52.9  ±3.9 

6.68  ±.47 

60-90 

18.1  ±2.6 

1.6±.l 

5.1  ±.6 

3.5  ±1.3 

53.1  ±3.3 

6.91  ±.51 

Soil 

0-2 

14.8±1.6 

1.2  ±.3 

.8±.l 

2.5  ±.5 

.3  ±.2 

5.8  ±.9 

.33  ±.02 

2-30 

7.9±1.7 

.7±.l 

.6±.l 

2.0±.4 

.5  ±.3 

5.4±1.3 

.31  ±  .05 

30-60 

6.5±1.0 

.6±.l 

.6±.l 

1.9±.3 

1.8±.5 

4.9±1.0 

.37  ±.07 

60-90 

5.3±1.0 

.4±.l 

.6±.l 

1.6±.4 

3.3  ±.8 

4.8  ±1.4 

.45±.ll 
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the  summer  than  can  Ceratoides.  The  lower 
anionic  concentrations  he  found  may  have 
been  related  to  the  bonding  of  cations  by 
high  amounts  of  organic  acids  (chiefly  oxalic) 
in  these  chenopods  (Wiebe  and  Walter  1972). 
How  much  this  mechanism  differs  between 
the  two  species  is  unknown. 

Mineral  Content  of  the  Ecosystems 

Comparisons  of  mineral  contents  at  the 
ecosystem  level  require  multiplication  of 
compartmental  elemental  concentrations  by 
phytomass  and  soil  bulk  density  to  derive 
standing  crops  of  minerals  (mineralomasses, 
Duvigneaud  and  DeSmet  1975).  Although 
this  approach  overlooks  the  seasonal  varia- 
tion in  both  mineral  concentrations  and 
phytomass,  it  allows  a  graphical  comparison 
(Fig.  2)  of  the  pools  of  the  various  minerals  to 
be  expected  during  midsummer.  For  most 
elements,  the  beginning  of  the  growth  period 
in  spring  is  the  time  of  highest  mineral  con- 
centrations (Caldwell  et  al.  1971,  West  1972, 
Breckle  1976)  in  new  growth  fractions.  There 
is  not  as  much  seasonal  variation  in  either  the 
old  growth  aboveground  phytomass  or  the 
mineral  content  of  surface  litter, 
belowground  phytomass,  and  soil  com- 
partments (Caldwell  et  al.  1971,  West  1972, 

Table  6.  Means  and  standard  deviations  of  elemental  concentrations  (mg  g"')  in  various  components  of  an 
AtripIex-confertifoUa-domma.\.ed  ecosystem.  Curlew  Valley,  Utah.  Average  of  1968,  1969,  and  1970  samples. 
P  =  probability  level  at  which  a  given  value  for  Atriplex  is  different  from  that  of  Ceratoides. 


surface  (Osmond  et  al.  1980).  Atriplex  confer- 
tifolia  sampled  elsewhere  had  high  concen- 
trations of  Na  and  other  alkaline  elements 
(Wallace  and  Romney  1972,  Wallace  et  al. 
1973a,  1973b,  1974,  1975).  Ceratoides  is 
thought  to  exclude  Na  and  some  other  ca- 
tions at  the  root-soil  interface  (Breckle  1976). 
It  accumulates  Ca,  however,  particularly  in 
the  roots.  Classification  of  Atriplex  as  a  eu- 
halophyte  and  Ceratoides  as  a  calciohalo- 
phyte  (Walter  1979)  is  supported  by  these 
data. 

It  is  interesting  that  the  two  species  dif- 
fered in  Ca  distribution  patterns  between 
new  and  old  aboveground  growth  and  root 
phytomass.  Ca  metabolism  has  been  linked 
with  the  salinity  tolerance  of  certain  crop 
species  (Epstein  and  La  Haye  1969).  The 
Ca:Na  ratios  differ  in  the  two  species  studied 
here  and,  at  least  in  Curlew  Valley,  Atriplex 
takes  root  in  a  saltier  soil  than  does  Cera- 
toides (Fig.  1).  Seasonal  variation  in  Ca:Na 
ratios  of  plant  tissue  of  the  species  are  known 
(Breckle  1976);  nevertheless,  Ca:Na  inter- 
actions are  worthy  of  further  investigation. 
Breckle  (1974,  1976)  ascribed  a  possible  func- 
tional role  to  the  high  Na  content  of  Atriplex 
confertifolia,  hypothesizing  that  it  allows  this 
species  to  take  up  soil  moisture  and  carry  on 
photosynthesis  for  a  longer  period  through 


C 

N 

P 

K 

Na 

Ca 

Mg 

Shoots 

New  growth 

13.9±2.6 

1.0±.2 

2i.5±i.r° 

8.1±.2°° 

31.3±5.0t 

5.92+1.441 

Old  growth 

9.8±.8 

1.0±.l 

9.5±3.1 

5.7  ±.7" 

18.2  ±5.4 

3.56  ±1.00 

Litter 

Fine 

12.6  ±1.3 

1.5±.2 

3.0  ±.3 

1.8  ±.2 

15.7±.7 

2.57  ±.21 

Coarse 

10.0±1.0 

.9±.l 

3.2  ±.5 

1.9  ±.4 

14.5  ±3.2 

2.07  ±.67 

Roots 

0-30 

16.7  ±1.3 

1.5±.2 

6.3  ±1.3 

4.4±1.0t 

32.8±7.7t 

5.96  ±2.20 

30-60 

17.2  ±2.0 

1.6±.2 

6.7±1.2 

5.1  ±1.3 

35.6  ±8.2$ 

6. 14  ±2.20 

60-90 

18.8  ±2.3 

1.8±.l 

7.0±1.1 

5.7  ±1.3 

38.2±9.0t 

6.35  ±2.22 

Soils 

0-2 

17.6±1.2 

1.6±.6 

l.l±.l 

2.6  ±.5 

.9  ±.2$ 

5.7±1.5 

.33  ±.05 

2-30 

8.4  ±1.0 

.8±.l 

.9  ±.2 

2.7  ±.6 

2.7±.9t 

5.3  ±1.1 

.27  ±.06 

30-60 

7.5±.7 

.6±.l 

.8±.l 

1.8±.4 

5.8±1.4° 

5.3  ±.7 

.39  ±.09 

60-90 

6.7  ±.7 

.5±.0 

.7±.l 

1.2±.4 

7.2±1.2° 

5.4  ±.9 

.60  ±.05 

tP<  .3 
JP  <  .15 
•P<  .05 
°°P  <  .001      Probability  level  at  which  the  given  value  for  Atriplex  ecosystems  differs  from  the  parallel  value  for  the  Ceratoides  ecosystem  (Table  5) 
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Fig.  2.  Graphical  comparison  of  mineraloinass  of  various  mineral  elements  in  Atriplex-  and  Ct'ratoiV/es-dominated 
ecosystems.  Average  of  element  concentration  times  average  phytomass  values  for  1968,  1969,  and  1970.  Soil  profile 
considered  to  a  depth  of  90  cm  July  1968  only. 


Breckle  1976).  Nitrogen  is  an  exception  to 
the  above  generalization,  which  has  been  ex- 
tensively discussed  elsewhere  (West  and  Sku- 
jins  1977,  1978). 

Nearly  equivalent  pools  of  mineral  ele- 
ments were  found  in  the  two  ecosystems. 
Carbon  has  been  discussed  elsewhere  (Cald- 
well et  al.  1977).  Ca  was  the  greatest  contrib- 
utor to  the  mineralomass  of  both  ecosystems. 
The  Afrip/ex-dominated  ecosystem  had 
slightly  higher  accumulations  of  Ca,  but 
Ceratoides  had  more  in  new  aboveground 
growth  and  plant  tissue  in  general.  There  is 
less  K  accumulated  aboveground,  particularly 
in  the  new  growth  portion  of  the  Ceratoides 
system.  More  nitrogen  was  accumulated  in 
the  Atriplex  system.  The  soils  of  the  Atriplex 
system  also  had  more  Na  and  distinctly  more 
was  incorporated  into  phytomass,  making  the 
differences  the  greatest  of  any  of  the  ele- 
ments studied.  The  Atriplex  ecosystem  had 


the  most  plant-incorporated  Mg  and  P,  with 
the  highest  proportions  in  aboveground  com- 
partments. This  is  directly  related  to  the 
small  differential  concentrations  in  above- 
ground  and  belowground  fractions  and  the 
somewhat  higher  aboveground  production  of 
Atriplex. 

Concentrations  or  pools  tell  us  nothing  de- 
finitive about  nutrient  availability.  In  fact, 
we  know  that  much  of  the  soil  organic  mat- 
ter reserve  is  "bound"  and  may  be  entirely  of 
microbial  origin  (Kang  and  Felbeck  1965). 
Nutrient  turnover  time  for  the  aboveground 
portion  of  the  system  could  be  approximated 
by  dividing  litter  by  new  growth  phytomass 
(Table  4).  To  estimate  nutrient  turnover  in 
the  entire  community,  belowground  produc- 
tion has  to  be  estimated  and  heroic  assump- 
tions about  community  stability  made.  Al- 
though such  calculations  would  have 
suggested  which  elements  might  be  in  critical 
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supply,  we  did  not  calculate  them  because  of 
problems  discussed  above. 

Another  way  of  inferring  which  elements 
could  be  limiting  is  to  look  at  the  presence  or 
absence  of  biological  magnifications  during 
the  decomposition  of  fine  litter  compared  to 
new  growth  (Charley  1977).  Such  an  analysis 
can  be  used  as  a  basis  for  separating  the  ma- 
jor minerals  analyzed  into  two  groups.  N  and 
P  show  increased  concentrations  in  partially 
decomposed  litter  compared  to  new  growth, 
whereas  K  and  Na  concentrations  are  less  in 
litter  compared  to  new  growth.  N  and  P  re- 
main in  short  supply  in  soil  until  they  be- 
come excess  metabolites  in  the  absence  of 
suitable  high  carbon  substrates.  K  and  Na  are 
easily  leached  and  are  generally  not  needed 
in  large  quantities  for  decomposition  process- 
es. They  also  appear  in  excessive  quantities  as 
soluble  soil  salts. 

Table  7  shows  amounts  of  nitrogen  and 
phosphorus  taken  up  in  annual  shoot  produc- 
tion in  Atriplex  and  Ceratoides  communities. 
These  amoimts  are  very  small  in  comparison 
to  total  inventories.  They  are  significant, 
however,  when  compared  to  amounts  in  eas- 
ily decomposable  high  carbon  substrates  such 
as  fine  Utter.  When  N  in  new  growth  was 
compared  to  N  in  litter,  average  turnover 
times  of  4.6  and  6.8  years  were  computed  for 
Atriplex  and  Ceratoides,  respectively.  These 
values  compare  closely  to  those  computed  on 
a  phytomass  basis  (Table  4).  Close  monitoring 
of  inorganic  soil  nitrogen  supported  this  con- 
cept, showing  gradual  buildup  of  NH4"^  and 
NO3"  in  the  surface  soil  (Bjeeregaard  1971). 
Tliis  is  later  carried  into  the  rooting  zone  by 
significant  rainfall  (Osmond  et  al.  1980). 

Carbon:nitrogen  ratios  can  be  used  to  de- 
termine the  extent  of  decomposition  of  car- 
bon-based substrates  as  mineralization  occurs 
(West   and   Skujins    1977,    1978).    Ceratoides 


Table  7.  Estimates  of  nitrogen  and  phosphorus  up- 
take in  abovegroiind  production  of  Atriplex-  and  Cera- 
toides-dominated  communities.  Averages  of  1968-70 
production  estimates  were  used. 


Community  type 

Atriplex                       Ceratoides 

Nutrient 

nig  g"^D.W.     g  m~2     mg  g"lD.W.    g  m"^ 

Nitrogen 
Phosphorus 

14                 1.2              12               0.8 
1.0             0.9                1.1             0.1 

and  Atriplex  fine  litter  exhibit  C:N  ratios  of 
38.4  and  41.4,  respectively.  The  Atriplex 
coarse  litter  C:N  ratio  is  46.5.  C:N  ratios  in 
soil  varied  from  10.5  at  the  surface  to  13.3  at 
60-90  cm  for  Atriplex,  and  from  10.7  to  15.7 
for  Ceratoides.  "Terminal"  or  steady  state  soil 
C:N  ratios  appear  to  be  related  to  increasing 
soluble  salt  concentrations  (Fig.  1),  and  max- 
imum ratios  occur  at  60-90  cm  depths. 

Although  these  data  and  inferences  are  in- 
trinsically interesting  and  valuable  for  related 
considerations  such  as  animal  nutrition,  much 
remains  to  be  done  to  discover  what  soil-held 
nutrients  are  limiting  to  plant  growth  in 
deserts  once  the  primary  constraint  of  avail- 
able soil  moisture  is  exceeded  (West  1983). 
Further  inferences  as  to  which  elements  may 
act  as  secondary  limiting  factors  can  only  be 
definitively  stated  after  direct  ex- 
perimentation. 

Since  the  Afnp/e.r-dominated  community  is 
more  productive  than  the  Ceratoides-domi- 
nated  community  and  has  somewhat  greater 
plant  litter  and  microphytic  crusts  that  stabi- 
lize the  soil  and  fix  more  nitrogen 
(Bjerregaard  1971),  we  should  not  be  con- 
cerned that  the  probable  replacement  of 
Ceratoides  by  Atriplex  confertifolia  on  the 
sites  studied  (Dzurec  1981)  will  necessarily 
result  in  greater  erosion.  Although  primary 
productivity  is  higher  with  Atriplex,  its  spines 
protect  it  from  heavy  livestock  utilization. 
This  appears  to  be  a  feedback  mechanism 
protecting  the  land  as  well  as  the  plants  from 
individual  damage. 
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BIONOMICS  OF  THE  CONE  SPITTLEBUG,  APHROPHORA  CANADENSIS 
(HOMOPTERA:  CERCOPIDAE)  ON  MUGO  PINE  IN  IDAHO 

Frances  M.  Bales'  and  Malcolm  M.  Fuiniss- 


■\bstract.—  The  spittlebug,  Aphrophcmi  canadensis  Walley  (Homoptera:  Cercopidae),  was  discovered  at  Moscow, 
Idaho,  in  1979  infesting  Finns  mn^o  Tiirra,  an  exotic  ornamental  pine.  Masses  of  spittle,  densely  populated  with 
nvmphs,  have  continued  to  be  abundant  since  then.  The  nymphs  congregated  and  fed  mainly  on  cones  and  did  not 
cause  visible  reddening  of  foliage  that  is  typical  of  other  pine-infesting  spittlebugs.  Immature  stages  and  behavior  are 
described  for  the  first  time  and  are  compared  to  other  nearctic  pine-infesting  species.  Beginning  in  mid-August,  eggs 
were  laid  under  fascicle  sheaths  at  the  bases  of  needles,  where  they  overwintered.  Nymphs  appeared  in  late  April 
and  began  transforming  to  adults  in  mid-julv.  Mating  occurred  from  early  August  to  late  September.  Adults  lingered 
in  diminishing  numbers  until  mid-October. 


In  1979,  profuse  masses  of  white  spittle 
(Fig.  lA)  of  Aphrophora  canadensis  Walley 
appeared  on  20-year-old  miigo  pine  {Pinus 
mugo  Turra)  at  Moscow,  Idaho.  We  were 
curious  about  tlie  sudden  abundance  of  the 
spittle  and  the  propensity  of  nymphs  to  con- 
gregate and  feed  on  cones  (Fig.  IB)  although 
no  cercopid  is  listed  among  North  American 
cone  and  seed  insects  by  Hedlin  et  al.  (1980). 
The  host  is  a  European  pine  (Critchfield  and 
Little  1966)  widely  grown  as  an  ornamental 
in  temperate  North  America. 

A.  canadensis  was  originally  described 
from  Victoria  B.C.  by  Walley  (1928).  Doer- 
ing  (1941)  further  described  the  adult  stage 
while  revising  the  genus.  Kelson  (1964)  ob- 
served a  closely  related,  undescribed  species' 
on  Monterey  pine  {Piniis  radiata  D.  Don)  and 
knobcone  pine  {Pinus  attenuata  Lemmon)  in 
California. 

Other  pine-infesting  Aphrophora  species  in 
North  America  include  the  Saratoga  spittle- 
bug,  A.  saratogensis  (Fitch)  (Ewan  1961,  Wil- 
son 1978);  the  pine  .spittlebug,  A.  cribrata 
(Walker)  {=paraUeIa  Say  of  Speers  1941) 
(Hamilton  1982);  and  A.  pemiutata  Uhler 
(Kelson  1964).  The  former  two  species  are 
eastern;  pemiutata  occurs  in  the  west.  The 
adults  of  saratogensis  and  pennutata  feed  on 
coniferous  hosts,  laying  their  eggs  under  bud 


and  bark  scales;  the  nymphs  develop  on  un- 
derstory  herbaceous  vegetation.  All  life 
stages  of  cribrata  and  canadensis  feed  exclu- 
sively on  coniferous  hosts. 

The  host  plants  and  oviposition  site  of 
canadensis  are  reported  here  for  the  first 
time.  Other  new  information  involves  local- 
ity records,  description  of  immature  stages, 
seasonal  history,  and  behavior. 

Methods 

The  study  area  was  primarily  on  the 
grounds  of  the  Forestry  Sciences  Laboratory, 
Moscow,  Idaho,  at  790  m  elevation.  Spittle- 
bugs  were  observed  annually  from  1979 
through  1982  on  mugo  pine  outside  our  in- 
sectary.  Other  colonies  were  observed  and 
collected  on  18-year-old  lodgepole  pine  {P. 
contorta  Dougl.)  and  ponderosa  pine  (P.  pon- 
derosa  Lawson)  at  a  residence  6  km  from  the 
laboratory.  Aphrophora  canadensis  spittle 
masses  and  nymphs  were  observed  fortu- 
itously on  older  lodgepole  pine  at  McCall, 
Idaho  (ca  1600  m  elevation),  and  younger 
lodgepole  pine  27  km  north  of  Sandpoint, 
Idaho  (ca  750  m  elevation).  We  also  noted  an 
infestation  on  mugo  pine  in  Pullman,  Wash- 
ington, 16  km  west  of  our  primary  study  site. 

During  1981,  the  location  of  eggs,  nymphs, 
and  adults  on  host  trees,  and  their  behavior. 


'Formerly  Biological  Aide,  Intermountain  Forest  and  Range  Experiment  Station,  USDA  Forest  Service,  Moscow,  Idaho  83843. 

^Formerly  Principal  Entomologist  and  Project  Leader,  Intermountain  Forest  and  Range  Experiment  Station,  USDA  Forest  Service,  Moscow,  Idaho 
(Retired);  presently  Visiting  Research  Professor  of  Entomology,  University  of  Idaho,  Moscow  83843. 

'Reported  by  Kelson  to  be  A.  canadensis,  but  determined  to  be  new  by  Dr.  K.  G.  A.  Hamilton,  pers.  comm.,  1  March  1982. 
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Fig.  1.  Nvmphs  comnionlv  formed  spittle  masses  on  cones  (A),  but  young  nymphs  sometimes  infested  needles  (B), 
particularlv  on  branches  that  lacked  cones. 


were  observed  intensively  outdoors  under 
natural  conditions.  Eggs  were  collected  and 
incubated  in  the  laboratory  on  18  February. 
Other  eggs  were  observed  on  host  trees 
weekly  until  hatching  began  30  April;  there- 
after, approximately  100  nymphs  were  col- 
lected weekly  until  adults  appeared  14  July. 
Nymphs  were  preserved  in  70%  alcohol.  The 
five  nymphal  stadia  were  described  and  their 
proportional  abundance  tabulated  by  collec- 
tion date.  Approximately  50  adults  of  each 
sex  were  preserved  for  study  and  identi- 
fication. Because  the  genitalia  tended  to  dis- 
tort upon  drying,  about  one-half  of  the  col- 
lected adults  were  stored  in  alcohol  until 
examined. 

Damage 

Four  generations  of  canadensis  had  little 
effect  on  the  appearance  of  their  mugo  pine 
hosts  except  for  the  masses  of  white  spittle 
that  were  present  from  May  to  mid-July.  Fo- 
liage was  retained  normally.  Absent  was  the 
severe  reddening  of  foliage  as  reported  for 
other  conifers  in  the  literature  previously 
cited  on  saratogensis  and  cribrata. 

Injury  by  some  spittlebugs  has  been  associ- 
ated with  fungus  infection.   On   red  pine 


{Finns  resinosa  Ait.),  saratogensis  damage  has 
led  to  infection  by  burn  blight  fungus  {Nec- 
tria  cucurbitida  Tode  ex  Fr.)  (Hepting  1971). 
Damage  to  Scotch  pine  {Finns  sylvestris  L.) 
by  cribrata  has  been  worsened  by  infection 
with  pine  twig  blight  {Diplodia  pinea  (Desm.) 
Kickx.)  {  =  Sphaeropsis  eUisii  Sacc.)  (Speers 
1941).  Our  microscopic  examination  of  mugo 
pine  needles  disclosed  circular  yellowish  or 
brownish  areas  on  the  basal  portion  of  nee- 
dles where  nymphs  had  fed,  but  the  injured 
areas  were  well  defined  and  did  not  enlarge, 
coalesce,  or  kill  needles.  The  propensity  for 
canadensis  nymphs  to  infest  cones  undoubt- 
edly limited  the  amount  of  needle  damage. 

Life  Stages 

Egg 

The  egg  (Fig.  2)  is  pearl  white  initially,  be- 
coming turquoise  with  maturity.  It  is  elon- 
gated teardrop  shaped,  average  length  1.74 
mm,  and  width  0.56  mm,  and  is  more  acutely 
tapered  at  the  emergence  end,  which  has  a 
black,  scablike  subapical  plate  approximately 
one-fifth  the  egg's  length.  No  mention  was 
made  of  this  plate  for  the  pine  spittlebug 
(Speers   1941)   or  the   Saratoga  spittlebug 
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Fig.  2.  Eggs  were  deposited  under  needle  fascicle 
sheaths.  Scablike  apical  plate  is  visible  on  egg  at  left 
(arrow). 

(Ewan  1961).  The  plate  is  narrow  and  lan- 
ceolate. The  smooth  chorion  is  rubbery  and 
durable.  It  overlays  an  inner,  darker  cov- 
ering, from  which  it  can  be  easily  separated 
by  Ripturing  the  chorion  with  pointed  for- 
ceps. The  inner  covering  of  the  egg  is  finely 
pebbled  in  appearance.  An  orangish  yolk  is 
visible  in  overwintered  eggs. 

Nymph 

There  are  five  nymphal  instars,  the  first 
four  of  which  appear  to  the  unaided  eye 
nearly  identical  except  for  size.  Instar  5  (Fig. 
3)  exhibits  a  light  and  dark  color  phase,  the 
lighter  of  which  is  more  common  and  similar 
to  the  previous  instars.  The  body  length 
ranges  from  about  1.7  mm  for  the  1st  instar 
to  6  to  8  mm  for  the  5th.  The  head  widths  for 
each  instar  are  shown  in  Table  1 . 

Kelson  (1964)  described  the  head  and  tho- 
rax of  instars  I  to  IV  of  his  undescribed  spe- 


Fig.  .3.   Instar  5  nymph. 


cies  as  "shiny  black."  In  the  first  four  instars 
of  our  specimens,  the  shieldlike  head,  thorac- 
ic nota,  and  appendages  are  uniformly  me- 
dium to  dark  brown  with  amber  or  ivory-col- 
ored articulations  and  with  a  thin  median 
amber  line  running  dorsally  over  the  frons 
and  down  the  thorax.  The  sternum  is  lighter 
in  color,  more  golden  brown  and  ivory.  The 
eyes  are  red.  The  frons,  inflated  like  a  riot-of- 
ficer's helmet,  appears  especially  dark  and 
shining  in  the  first  two  instars.  In  the  later  in- 
stars, the  golden  horizontal  striations  on  the 
frons  appear  increasingly  gridlike.  The 
squared-off  lateral  edge  of  the  dark  pronotum 
is  a  contrasting  ivory  color  in  all  but  the  first 
instar. 

The  abdomen  shows  the  greatest  devel- 
opmental variation,  differences  in  which  will 
be  described  by  instar  hereafter.  The  abdo- 
men of  the  first  four  instars  is  tangerine-yel- 
low except  for  the  caudal  segments  discussed 
hereafter,   and  has  a   localized  bright   rasp- 


April  1984 


Bales,  Furniss:  Cone  Spittlebug 


341 


berry  red  blush  along  the  sides  of  the  widest 
segments.  The  median  line  of  the  thorax  con- 
tinues as  a  yellow-stained  furrow  to  abdomi- 
nal segment  9.  The  laterotergal  margin  of 
segments  3  to  9  is  folded  imder  along  the 
cream-colored  sternum  and  equipped,  espe- 
cially in  the  older  instars,  with  opposing, 
sometimes  overlapping  plates  that  open  and 
shut  against  one  another  ventrally  to  form 
spit-bubbles.  The  venter  of  the  third  segment, 
like  that  of  the  pine  spittlebug  (Speers  1941), 
bears  a  prominent  nipplelike  process  which, 
we  believe,  acts  as  a  gasket  or  air-seal  when 
the  tergal  plates  draw  shut.  The  plates  of  this 
segment  tnmcate  basally  to  fit  against  the 
correspondingly  modified  fleshy  shelf  on  each 
side  of  the  nipple.  Protruding  beyond  seg- 
ment 9  is  a  small,  truncate  anal  segment 
ringed  apically  by  two  pairs  of  brown  ridges 
and  possessing  a  brown  ventral  plate.  This 
segment  is  similar  in  all  instars. 

Instar  I.—  The  head  and  pronotum  are  en- 
tirely dark  brown.  Abdominal  tergites  3  to  6 
are  stained  raspberry  red  laterally;  segments 
7  to  8  are  orangish  yellow  dorsally.  The  tube- 
shaped  segment  9  is  divided  lateroventrally 
into  two  sclerotized  dark  brown  tergal  lobes 
resembling  bomb-bay  doors.  The  tergal  lobes 
of  segments  3  to  8  are  unpigmented,  with 
thin  crescent-shaped  borders.  The  shallow, 
concave  stemite  9  bears  a  brown,  flat  trape- 
zoidal plate,  from  which  the  genitalic  struc- 
tures will  arise. 

Instar  II.—  Golden  brown  gridlike  stria- 
tions  are  faintly  visible  on  the  frons.  Pro- 
notum in  this  and  the  following  instars  have 
cream-colored  lateral  edges.  Raspberry  blush 
is  present  on  abdominal  segments  3  to  6.  The 
pink  blush  mentioned  by  Kelson  (1964)  is  re- 
duced to  segments  4  to  6.  Segments  7  and  8 
are  ivory  colored  except  where  stained  yel- 
low by  the  dorso-median  furrow.  A  smoky 
brown  patch  on  the  side  of  segment  8  is 

Table  1.  Head  widths  of  the  instars  of  A.  canadensis. 


No. 

Head  width  (mm) 

Instar 

Average 

Range 

I 

20 

0.64 

0.57-0.68 

II 

20 

0.86 

0.81-0.91 

III 

20 

1.22 

1.15-1.28 

IV 

20 

1.72 

1.55-1.80 

V 

(?) 

17 

2.39 

2.30-2.60 

iS) 

18 

2.21 

2.05-2.40 

faintly  evident.  The  dark  tergal  .sclerites  of 
segment  9  meet  dorsally  in  this  instar  to  form 
an  irregular  saw-toothed  ring  with  an  ivory 
edge.  In  addition,  the  laterotergal  lobes  of 
segments  8  and  7  (and  sometimes  6)  are  vari- 
ably tanned  smoky  brown,  especially  near  the 
anterior  corner  of  each  lobe.  The  inner  sur- 
face of  the  caudal  lobes  is  likewise  sclero- 
tized, doubly  reinforcing  the  "doors"  of  the 
bubble-chamber. 

The  pregenital  plate  of  segment  9  is  .shal- 
lowly  cloven  medially,  and  sometimes  a  light 
brown,  heart-shaped  process  may  be  evident 
at  its  base. 

Instar  III.—  Head  is  medium  brown  with 
golden  brown  joints  and  striations.  Wing  pads 
are  faintly  evident,  but  not  at  all  expanded 
posteriorly.  Raspberry  suffusion  is  reduced  to 
abdominal  segments  4  to  6;  tergites  7  and  8 
are  ivory,  with  smoky  patches  developing  lat- 
erally and  ventrally,  especially  on  8.  Tergite 
9  is  darkly  sclerotized  and  subcylindrical  in 
shape.  Pleural  lobes  of  segments  3  to  9  are 
edged  with  light  brown;  scooplike  borders 
are  still  crescent  shaped,  though  wider  than 
in  previous  instars. 

Two  similar  pairs  of  genitalic  buds  have 
emerged  from  the  pregenital  structures  be- 
tween segments  8  and  9.  We  still  could  not 
differentiate  between  sexes  at  this  stage. 

Instar  IV.—  Golden-brown  frons  is  de- 
cidedly lighter  than  the  dark  brown  vertex 
and  thoracic  tergites.  Without  magnification, 
the  latter  appear  blackish,  especially  in  living 
specimens.  Rudimentary  wing  pads  are  pres- 
ent, appearing  as  dark  notal  extensions  with 
cream  undersides. 

Abdominal  coloration  is  as  in  the  previous 
instar.  Segment  9  is  completely  sclerotized 
dorsally  and  laterally,  with  in-rolled  edges 
shutting  together  ventrally.  Segments  7  and  8 
are  now  darkly  patched  along  the  sides  just 
above  the  pleural  margin  and  to  the  rear  of 
the  raspberry  blush  on  the  middle  segments. 
The  borders  of  all  abdominal  pleural  lobes 
are  stained  smoky  brown  and  have  grown 
into  large,  flexible,  incisorlike  plates  resem- 
bling fish  scales. 

Though  still  rudimentary,  the  genitalia  of 
either  sex  can  be  differentiated  in  this  instar. 
In  the  female,  the  two  pairs  of  genitalic  buds 
have  become  lobelike  and  dissimilar.  The 
outermost  pair,  which  arise  on  segment  8,  are 
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parallel  and  contiguous  along  their  midline, 
resembling  harem  trousers;  the  lobes  of  the 
inner  pair  are  broadly  separated  and  lie  off  to 
the  sides.  In  the  male,  the  two  pairs  of  phallic- 
lobes  are  alike,  each  pair  being  cleft,  and 
they  lie  stacked  like  boxer  shorts,  one  atop 
the  other. 

Instar  v.—  About  one-fifth  of  the  individ- 
uals are  melanistic.  The  females  are  larger 
than  the  males,  and  the  dark  phase  of  each  is 
slightly  larger  in  size  than  the  light  phase: 


Color 
phase 


Female 
Av.  (Range) 


Male 
Av.  (Range) 


Light 
Dark 


mm 
2.37  (2.3-2.5) 
2.42  (2.3-2.6) 


mm 

2.20(2.1-2..3) 
2.23  (2.0,5-2.4) 


Ewan  (1961)  mentioned  that  instar  5  Sara- 
toga spittlebugs  darkened  from  tan  to  light 
brown  later  in  the  stadium.  Ours  remained 
either  distinctly  light  or  dark.  Speers  (1941) 
observed  melanism  only  in  male  pine  spittle- 
bugs,  but  both  sexes  of  our  specimens  dis- 
played both  color  phases.  Kelson  (1964)  did 
not  mention  any  melanism  or  color  dimor- 
phism in  specimens  of  the  related,  undes- 
cribed  species. 

The  most  striking  color  difference  between 
these  variants  occurs  in  the  abdomen,  as  de- 
scribed later.  In  both  color  phases,  the  head 
and  thorax  are  a  lighter  brown  than  in  the 
previous  instars,  especially  the  clypeus, 
which  is  now  golden  straw  colored,  with  light 
brown  .striations.  The  vertex  is  the  color  of 
the  striations  and  has  acquired  two  ocelli, 
ovitlined  in  bright  strawberry  pink,  like  the 
eyes.  A  pair  of  amber  patches  lie  between  the 
posterior  margin  of  the  compound  eyes  and 
the  ocelli. 

The  pronotum  is  uniformly  medium  brown 
and  sometimes  darker  than  the  other  two 
thoracic  nota.  The  lateral  borders  vary  from 
cream  to  yellow.  The  meso-  and  metanota 
are  likewise  a  uniform  brown,  marked  only 
with  a  thin  median  line.  In  contrast.  Kelson 
(1964)  described  "2  white  spots"  on  the 
metathorax  of  his  undescribed  species,  "cen- 
tered between  the  midline  and  the  lateral 
edges."  The  dark  wing  pads  coattail  down 
nearly  as  far  as  the  third  abdominal  segment. 
The  upper  pair  is  margined  ivory  along  the 
anterior  rim  and  has,  on  each  bud,  two  vague 
ivory  submarginal  blotches.  The  underside  of 


the  nymph,  including  the  wing  pads,  is  pre- 
dominantly golden-ivory,  highlighted  in 
brown. 

The  instar  5  abdomen  is  more  tanned  than 
that  of  the  previous  instars.  As  a  result,  the 
bright  colors  are  less  pronounced,  as  though 
seen  through  thick  isingla.ss.  In  light  phase 
specimens,  the  tergites  are  tan,  with  a  faded 
salmon  blush  along  the  sides  of  segments  4  to 
6.  The  margins  of  tergites  7  to  8  have  patches 
as  dark  as  the  thorax,  but  the  cylindrical  .seg- 
ment 9,  in  contrast  with  that  of  the  previous 
instars,  is  nearly  as  light  as  the  rest  of  the  ab- 
domen. A  faint  yellow-.stained  broken  median 
line  is  evident  on  the  darker  plates  of  the  last 
three  abdominal  segments. 

In  dark  specimens,  the  dorsum  of  the  abdo- 
men is  just  as  dark  and  smoky  (almost  black- 
ish) as  the  thorax,  with  a  cream  or  light  am- 
ber broken  median  line.  The  sides  of  tergite  3 
have  large  pale  ivory  patches.  The  sides  of 
tergites  4  to  6  are  tinted  light  brown,  with  a 
pinkish  undertone.  The  side  blotches  of  ter- 
gites 7  and  8  have  grown  into  dark  saddles 
interrupted  dorsally  by  the  pale  midline  and 
laterally  by  an  ivory  border  separating  them 
from  the  laterotergal  lobes.  Tergite  9  is  faded 
to  golden  brown,  and  is  sometimes  lighter 
than  the  rest  of  the  abdomen. 

Occasional  intermediates  between  the  two 
color  phases  have  tawny  abdominal  segments 
transversely  striped  to  varying  degrees  of 
darkness.  Kelson  (1964)  described  the  abdo- 
men of  all  the  iiLstar  5  nymphs,  of  the  related, 
undescribed  species,  as  white  or  nearly  white, 
except  segments  7  to  9,  which  were  black. 

The  laterotergites  of  this  instar  are  broad 
and  subsquare,  expanding  like  fins  from  the 
membranous  pleuron,  and  flatly  enclosing  the 
entire  caudal  length  of  the  sternal  chamber 
up  to  the  fleshy  shelf  and  gasketlike  nipple  of 
segment  3.  Flexing  of  the  abdomen  pulls 
these  plates  open  and  apart.  The  nipple, 
prominent  in  the  earlier  instars,  is  reduced  to 
a  small  nodule  in  this  instar. 

The  female  genitalic  lobes  are  proportion- 
ally 2X  longer  than  in  the  previous  instar, 
darker  brown  and  more  conspicuous,  other- 
wise unchanged.  The  male  lobes  have  grown, 
both  pairs  now  resembling  Dutchman's 
breeches,  the  legs  of  which  spraddle  wide 
apart.  They  lie  on  the  venter  of  segment  9. 
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Those  of  the  female  extend  across  the  ster- 
niun  of  both  segments  8  and  9. 

Adult 

Our  adult  females  average  9.18  mm  long 
(range  8.6  to  10.0  mm);  males  average  8.23 
mm  (range  7.6  to  9.2  mm).  Both  are  of  uni- 
form coloration,  varying  from  chestnut  tan  to 
chestnut  brown  with  age.  The  abdomen  of 
older  males  is  much  darker  than  that  of  fe- 
males—the tergites  becoming  blackish.  Mark- 
ings are  otherwise  identical  between  the 
sexes. 

A  creamy  white  inverted  Y  is  discernible 
on  the  dorsum  (Fig.  6D)  similar  to  that  of  cri- 
brota,  the  thin  leg  of  which  nms  medially 
from  the  apex  of  the  head  down  to  the  caudal 
apex  of  the  scutellum,  the  wide  chevron 
obliquely  banding  the  hemelytra  to  either 
side.  In  sarotogensis,  this  marking  is  more 
conspicuous,  broader,  and  lance-shaped.  Pre- 
served or  callow  specimens  of  canadensis  are 
more  homogeneous  brown  than  when  alive 
or  mature,  and  the  Y  is  inconspicuous. 

The  frons  of  canadensis  is  not  so  bulbous 
and  inflated  as  that  of  cribrata.  In  lateral 
view,  the  face  meets  the  vertex  at  an  acute 
angle,  the  apex  of  the  head  tilting  upward 
like  a  pig's  snout.  The  crown  of  canadensis  is 
long  in  comparison  with  the  thorax,  and  the 
head  is  wider  than  the  thorax. 

The  male  genitalia  of  canadensis  has  been 
diagrammed  and  discussed  in  detail  by  Wall- 
ey  (1928)  and  by  Doering  (1941)  and  will 
readily  distinguish  this  from  other  species  of 
AphrapJiora. 

Seasonal  History  and  Behavior 

Egg 

Eggs  were  present  from  mid-August  until 
mid-May.  Aphwphora  canadensis  over- 
winters in  the  egg  stage  among  the  needle 
clvisters  of  the  current  year's  terminals.  Like 
those  of  the  Saratoga  spittlebug  on  jack  pine 
{Finns  banksiana  Lamb.)  (Ewan  1961),  the 
eggs  of  canadensis  are  inserted  separately 
into  the  fascicle  sheath  surrounding  the  base 
of  each  needle  cluster,  oriented  parallel  to 
the  needles  with  the  black  sutured  end  up- 
ward. The  egg  is  not  glued  or  rooted  in  any 


way  but  held  secure  by  the  encircling  fibers 
of  the  fascicle  sheath. 

Frequently,  more  than  one  egg  is  inserted 
in  a  fascicle  (Fig.  2).  Four  branch  terminals 
were  examined  for  eggs  in  late  September 
1981.  Of  the  300  fascicles  counted,  30  had 
eggs,  distributed  as  follows:  19  fascicles  had  1 
egg,  8  had  2,  2  had  4,  and  1  fascicle  had  5 
eggs. 

Hatching 

Nymphs  hatched  between  late  April  and 
mid-May.  A  typical  individual  required  15 
minutes  to  hatch.  The  black  trapdoor  broke 
from  the  chorion,  tilting  slowly  downward 
like  a  tiny  drawbridge.  Simultaneously,  there 
appeared  in  the  gap  an  orange  bulge  pressing 
upward  like  a  shining  balloon,  pushing  the  lid 
outward  as  it  rose.  Soon  two  small  dark  eyes 
became  evident,  then  the  folded  mouth  parts 
and  the  sealed  appendages,  as  the  creature 
ascended  by  slow  increments  through  the  top 
of  its  blue  shell.  For  5  minutes  it  lay  on  the 
substrate,  arching  and  writhing  its  sealed-up 
looking  body,  after  which  the  antennae  lifted 
free  from  the  face.  Seven  minutes  later,  the 
legs  unfolded.  Three  minutes  more,  and  the 
nymph  was  climbing  to  its  feet,  ready  to  rvin. 
The  shed  skin  was  hardly  noticeable;  the  ap- 
pendages seemed  simply  to  separate  from  the 
body  as  if  by  drying. 

Feeding  and  Spittle  Formation 

Upon  gaining  its  feet  after  hatching,  a 
nymph  would  run  out  along  the  length  of  a 
needle,  dragging  its  disproportionately  long 
beak  between  its  legs— for  in  newly  hatched 
nymphs  this  organ  extends  ventrally  to  al- 
most the  abdomen's  apex.  Pausing  a  little  be- 
low the  tip  of  the  needle  on  the  dorsal  sur- 
face, the  nymph  heaved  its  head  back  while 
rearing  high  on  its  legs  and  sank  its  colossal 
beak  into  the  needle. 

Nymphs  cannot  form  spittle  until  they 
have  begun  feeding.  While  the  nymph  sucks, 
its  head  pulses  actively.  Meanwhile,  a  clear, 
viscous  liquid  begins  to  drool  down  the 
slightly  elevated  abdomen  and  over  the  en- 
tire insect,  accumulating  between  its  legs  in 
the  manner  described  for  the  pine  spittlebug 
by  Speers  (1941).  To  produce  bubbles,  the 
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nymph  then  flexes  and  rears  its  abdomen 
(Fig.  IB)  against  the  surface  tension  of  the 
slime  covering  it,  and  dilates  the  ventral 
valvelike  plates  of  segment  9.  This  dilation 
creates  a  V-shaped,  snorklelike  opening,  al- 
lowing air  to  enter  the  sternal  chamber. 

The  valves  shut  as  the  tip  of  the  abdomen 
is  pulled  back  into  the  liquid.  Then,  with  a 
sidewise  twist  of  the  abdomen,  they  open 
again  and  release  a  large  bubble.  The  se- 
quence is  repeated  on  the  opposite  side.  This 
procedure  takes  place  at  a  fairly  rapid  rate, 
back  and  forth  from  side  to  side  like  a  me- 
chanical shuttle,  producing  bubbles  of  similar 
size. 


Feeding  Sites 

Hatchlings  do  not  usually  create  much 
spittle,  nor  do  they  remain  solitary  for  long. 
Within  a  few  days  to  a  week  after  hatching 
they  abandon  their  initial  feeding  sites  and 
wander  about  intermittently  until  they  find 
another  suitable  feeding  site. 

The  ripening  female  cones  provide  a  large 
and  nutritious  surface  and  are  favored  as 
feeding  sites.  As  many  as  100  individuals  may 
gather  on  one  cone.  If  cones  are  absent  from 
a  branch,  smaller  aggregations  form  in  the 
axils  of  needle  clusters,  especially  on  current- 
year  terminals.  Where  two  or  three  spit- 
makers  have  joined  company,  others  will 
congregate  on  discovering  the  frothy  oasis. 
This  sharing  doubtless  has  survival  value  by 
reducing  the  individual  effort  needed  to 
maintain  a  large  canopy  of  foam.  Many 
nymphs  become  motionless  while  feeding, 
with  their  tails  sticking  through  the  froth  and 
ventral  vent  passively  open  to  the  air  as  if  to 
breathe. 

The  numbers  of  nymphs  aggregated  at  a 
feeding  site  decreased  as  the  nymphs  molted 
and  grew,  due  probably  to  crowding  and  sub- 
sequent migration.  By  instar  5,  a  few  spittle 
masses  contained  only  one  or  two  nymphs. 
Younger  aggregations  were  limited  to  the  ter- 
minal portions  of  a  tree  while  older  instars, 
especially  the  5th,  were  sometimes  found 
feeding  and  foaming  along  the  older,  woodier 
(third  to  fifth  year)  portions  of  branches,  if 
needles  were  retained  there.  Such  nymphs 
fed  adjacent  to  the  base  of  a  needle  cluster, 
frequently  in  contact  with  it,  and  always  ori- 


ented head  downward  with  respect  to  gravi- 
ty. In  contrast,  nymphs  on  cones  were  ar- 
ranged every  which  way,  top  and  bottom, 
over  the  cobbled  surface,  wallowing  in  one 
another's  spittle.  Nymphs  congregated  on  the 
more  sheltered  base  and  undersurface  of 
cones  only  when  their  numbers  were  too 
small  to  maintain  a  large  canopy  of  foam 
against  the  summer  sun.  More  typically,  the 
nymphs  were  assembled  over  the  entire  cone, 
collectively  exuding  a  long  white  beard  of 
spittle  (Fig.  4)  dripping  to  the  branches 
below. 


Seasonal  Occurrence  of  Nymphal  Stages 

Instar  1  nymphs  were  present  in  1981  on 
trees  beginning  the  last  week  in  April 
through  22  May;  instar  2  nymphs  were  col- 
lected from  5  May  through  12  June;  instar  3 
between  4  June  and  22  June.  Instar  4  speci- 
mens were  present  in  samples  between  12 
June  and  9  July.  The  instar  5  appeared  by  the 
end  of  June.  Spittle  masses  diminished  after 
mid-July,  when  nymphs  began  transforming 
to  adults,  but  persisted  through  the  first  week 
of  August. 


Adult  Emergence  and  Behavior 

At  the  end  of  instar  5,  the  nymphs  left  the 
foam  and  climbed  along  pine  needles  to 
perch  near  the  apex  and  shed  their  final 
exuviae  (Fig.  5).  Hanging  with  legs  wrapped 
around  the  needle,  they  glued  themselves  in 
place  by  letting  their  abdomen  dry  against 
the  perch.  After  swelling  their  thorax  for  sev- 
eral minutes,  the  midline  of  the  dorsum  split 
lengthwise.  The  pale,  waxen-appearing 
imago  emerged  partway  and  hung  from  the 
exuviae  by  its  abdomen,  head  downward  and 
back  concavely  arched,  the  legs  folded.  The 
wings  were  mere  buds  at  this  time.  The 
imago  remained  in  this  position  for  several 
minutes;  then,  stirring  its  legs  restlessly, 
caught  hold  of  the  exuviae  and  drew  itself 
forward  to  extract  the  abdomen.  Still  grip- 
ping the  exuviae,  the  imago  continued  to 
hang  from  below,  back  arched,  the  four  wax- 
en white  wings  held  apart  and  slowly  unfurl- 
ing (Fig.  6A).  When  the  wings  were  ex- 
panded and  dry,   the  adult  stirred  from   its 
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Fig.  4.  Commonly,  spittle  on  cones  was  so  massive  as 
to  drool  drops  of  liquid.  Caudal  end  of  mature  nymph  is 
visible  at  right  of  center. 

arched  posture,  oriented  the  wings  horizon- 
tally by  shaking  them,  and  folded  them  shut 
over  its  back.  All  of  this  required  about  30 
minutes,  at  which  time  the  adult  was  still 
pale  yellowish  tan  with  salmon  eyes  and 
ivory  wings  (Fig.  6C).  Mature  coloration  (Fig. 
6D)  was  attained  within  a  few  hours. 

Some  newly  transformed  adults  roamed 
freely  among  the  plants,  but  most  preferred 
the  cooler,  more  shaded  portions.  Within  a 
few  days  after  ecdysis  they  began  congre- 
gating along  the  terminals  to  feed,  becoming 
especially  active  in  the  late  afternoon,  when 
the  trees  were  shaded.  As  many  as  12  adults 
were  counted  on  the  distal  8  inches  of  a 
branch. 

Adults  appeared  to  feed  on  the  needles  as 
well  as  on  the  woody  tissues.  The  brush  of 
needles  surrounding  the  sticky  apical  bud  of 
a  branch  was  a  favorite  feeding  site.  Hoppers 
often  arranged  themselves  in  a  ring  around 
the  bud,  perching  on  the  upper  surface  of  the 
needles,  one  per  fascicle,  facing  outward 
from  the  branch.  Others  farther  down  the 
limb  perched  on  the  needles  or  crouched 
against  the  bark  between  the  fascicles,  always 
oriented  with  head  toward  the  end  of  the 
branch. 


Fig 
needles. 


5.   Exuivae  ot  instar  5  nvnipl 


attached  to  pine 


While  feeding,  the  hoppers  frequently 
stood  motionless  with  the  head  and  body  tilt- 
ed at  an  angle  of  about  30  degrees  above  the 
substrate,  looking  very  alert.  Positioned  thus, 
they  strongly  resembled  in  both  shape  and 
coloration  the  tiny,  reddish  brown  current- 
year  buds.  Older  and  browner  specimens 
were  practically  invisible  against  the  reti- 
culated scaly  surface  of  the  branch,  the  thin 
white  chevron  on  their  wings  matching  the 
onionskinlike  fibers  of  the  surrounding 
fascicles. 

When  alarmed,  the  camouflaged  hoppers 
catapulted  themselves  into  the  air  with  re- 
markable force,  making  a  sharp,  snapping 
sound  as  they  sprang.  Girault  (1904)  likewise 
noted  that  pine  spittlebugs  made  "a  sound 
similar  to  that  of  a  steel  spring  when  sud- 
denly loosened." 

Although  adult  hoppers  do  not  manufac- 
ture spit  oases,  they  do  secrete  honeydew, 
droplets  of  which  are  ejected  periodically  in 
rapid-fire  bursts,  cascading  downward  in  a 
series  of  glistening  streamers.  The  hoppers 
feed  and  fire  droplets  throughout  the  day  and 
night  and  during  copulation,  similar  to  cri- 
hrata  (Speers  1941). 
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Fig.  6.  A,  B,  C,  stagL's  duiin<j;  transtonnation  to  adult;  D.  luature  adult  with  tharacteristif  white  chevron  wing 
markin". 
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Fig.  7.  Most  adults  assumed  a  V-stance  (A)  while  mat- 
ing; others  Hned  up  end-to-end  (B). 

Mating 

Copulating  pairs  were  first  observed  3  Au- 
gust at  5:00  p.m.  Previously,  we  had  searched 
for  paired  hoppers  only  in  the  morning,  find- 
ing none.  Most  couples  were  engaged  side  by 
side,  in  a  V  position,  their  heads  pointed  to- 
ward tlie  end  of  the  branch  (Fig.  7A).  Some 
partners  also  assumed  the  mating  stance  de- 
scribed for  crihrata  by  Speers  (1941)  and 
Girault  (1904).  In  this  stance  the  pair  faced 
away  from  each  other  (Fig.  7B),  tails  over- 
lapping approximately  three  caudal  seg- 
ments, and  tlie  male  partner  always  faced 
down  the  branch  toward  the  stem. 

Tlie  male  approached  the  stationary  fe- 
male by  backing  tail-first  into  position.  After 
making  contact,  copulation  ensued.  Some- 
times they  remained  thus,  facing  opposite  di- 
rections up  and  down  the  liranch.  But  more 
frequently  the  male  pivoted  around  on  his 


partner  until  both  faced  up  the  branch,  side 
by  side. 

Copulation  lasted  several  hours,  beginning 
in  the  afternoon.  The  partners  fed  while  so 
engaged.  If  a  male  was  purposely  disturbed 
by  careful  poking,  he  immediately  dis- 
engaged. Similarly  disturbed  females  were 
unable  to  detach  from  their  smaller  mates, 
and  often  dragged  them  around  helplessly  for 
several  minutes. 

The  hoppers  mated  until  the  end  of  Sep- 
tember. Adults  survived  several  weeks  of  in- 
termittent frost  and  were  last  seen  21 
October. 
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SEED  AND  CONE  INSECTS  ASSOCIATED  WITH  PINUS  MONOPHYLLA 
IN  THE  RAFT  RIVER  MOUNTAINS,  UTAH 

Michael  J.  Jenkins' 

.\bstract.—  Dissection  and  reaiint;  studies  of  second-vear  cones  disclosed  six  species  of  insects  associated  with  the 
seeds  and  cones  of  singleleaf  pinvon  pine  dining  the  spring  and  snmmer  of  1976.  Those  most  commonly  encountered 
were:  Dionjctha  sp.  probably  albcnittcUa  Hulst,  Conoplithonis  monophijUae  Hopkins,  and  Pinetis  coloraclensis 
Cillette.  The  three  remaining  species  were  of  lesser  importance.  These  included  the  gall  midge,  Asijnapta  sp.,  a 
minor  cone  pest  and  two  parasites,  one  of  C.  monophijUae.  Acerocephala  atroviolacea  Crawford,  and  an  unidentified 
parasite  oi  Dioriictria,  of  the  family  Ichnetunonidae. 

Dionjctria  sp.  probably  alhovittella  was  regarded  as  the  major  insect  destroying  cones  and  seeds  of  P.  monoplujilci 
in  this  study.  Dming  the  growing  season  it  attained  a  maximum  leyel  of  29%  infestation.  Conoplithonis  monophijUae 
occurred  less  frequently  in  this  study,  but  probably  has  a  higher  potential  for  destruction  in  years  of  poor  cone  crops 
or  high  cone  beetle  popvilations.  Pineiis  coloraclensis  caused  negligible  damage  to  seeds  and  cones,  but  was 
encountered  frequently.  Early  in  the  growing  season  it  infested  a  maximum  of  .38%  of  the  cones. 


Insects  are  probably  the  most  important 
biotic  agents  reducing  fruit  and  seed  produc- 
tion of  trees  and  shrubs  (USDA  1974).  This 
study  was  conducted  to  determine  those  seed 
and  cone  insects  attacking  the  cones  of  the 
singleleaf  piny  on  pine,  Pinus  monophylla 
Torrey  &  Fremont. 

Singleleaf  pinyon  pine  is  a  member  of  a 
group  of  closely  related  pines  occupying  vast 
acreages  in  the  semiarid  regions  of  the  south- 
western United  States  and  Mexico 
(Critchfield  and  Little  1966).  It  can  form 
pure,  open  forests,  or,  more  commonly, 
grows  in  association  with  the  Utah  juniper, 
Jiiniperus  osteospenna  (Torrey)  Little,  in  the 
characteristic  pinyon-juniper  woodland  (Har- 
low, Harrar,  and  White  1979).  Pinyon-juni- 
per woodlands  cover  over  75,000  square 
miles  of  the  southwestern  United  States  (Lan- 
ner  1975),  occupying  more  area  in  the  Inter- 
mountain  Region  than  all  other  forest  cover 
types  combined  (Cronquist  et  al.  1972). 

Little  commercial  value  has  been  placed 
on  the  pinyon  pines  for  timber  products,  but 
the  seeds  of  these  pines  have  been  harvested 
for  centuries  by  American  Indians  as  a  valu- 
able food  supply  (Lanner  1981).  Various 
forms  of  wildlife  depend  upon  pine  nuts  for 
survival,  among  them  many  birds  and  ro- 
dents. In  good  seed  years,  Indians  of  the 
Southwest  have  collected  and  sold  a  million 


dollars  worth  of  pine  nuts.  Pinyon  timber  has 
also  been  used  for  fence  posts,  mine  props, 
and  fuel  wood,  and  pinyons  serve  as  excellent 
Christmas  trees  (Johnson  1970). 

Since  little  value  is  placed  on  pinyon  pines 
for  timber  products,  there  have  been  few 
studies  describing  the  insects  associated  with 
them.  This  study  was  conducted  to  identify: 
the  major  seed  and  cone  insects  present  on 
singleleaf  pinyon  pine,  to  determine  their  rel- 
ative abundance,  and  to  briefly  describe  their 
life  cycles. 

Methods 

Study  Area 

The  study  area  was  a  530-hectare  single- 
leaf  pinyon-Utah  juniper  woodland  in  north- 
western Utah's  Raft  River  Mountains  at  an 
elevation  of  1900  to  2300  m. 

Quarter-hectare  plots  were  used  to  deter- 
mine the  relative  number  of  pinyon  pines 
and  junipers.  There  was  an  average  of  178 
pinyon  pines  and  72  junipers  per  hectare. 

The  understory  vegetation  consisted  of  big 
sagebrush,  Artemisia  tridentata  Nutt., 
Opuntia  cactus,  and  a  variety  of  grasses  and 
forbs.  Toward  the  western  boundary  of  the 
stand  was  an  increase  in  curlleaf  mountain 
mahogany,  Cercocarpus  ledifolius  Nutt. 
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Sampling 

A  permanent  plot  center  was  selected  in  a 
part  of  the  stand  found  to  be  typical  in  terms 
of  overstory  density  and  composition. 

Ten  sampling  dates  were  .scheduled  begin- 
ning in  mid-April  and  continuing  into  Octo- 
ber at  two-  to  three-week  intervals.  The  per- 
manent plot  center  was  used  as  a  starting 
point  for  each  collection.  Prior  to  each  col- 
lection date,  a  direction  was  randomly  se- 
lected and  traveled  to  collect  the  sample. 
Any  tree  falling  partly  or  entirely  on  the  line 
could  be  sampled.  The  restrictions  to  sam- 
pling were  that  not  more  than  10%  of  the 
sample  could  come  from  any  one  tree  and 
that  all  cones  collected  came  from  unshaded 
branches  of  nearly  average  trees  on  average 
sites.  Collections  were  made  using  a  pole 
pnmer  and  consisted  of  100  cones  per  collec- 
tion date. 

Analysis  of  the  Sample 

The  sample  was  returned  to  the  laboratory 
and  cones  were  grouped  based  on  the  exte- 
rior appearance  of  insect  damage.  Cones 
showing  no  exterior  evidence  of  insect  activi- 
ty were  also  grouped  together.  Half  the  cones 
in  the  sample  were  dissected  using  a  cone 
cutter  and  the  remainder  were  placed  in 
rearing  chambers.  Immature  insects  dissected 
from  cones  were  recorded  and  preserved  in 
70%  EtOH  for  identification  by  specialists. 
Rearing  of  early  samples  was  not  attempted, 
as  the  small  cones  dried  too  rapidly. 

Once  cones  reached  sufficient  size,  empha- 
sis was  shifted  from  dissection  to  rearing,  to 
obtain  adult  specimens  for  identification. 
Dissection  of  damaged  and  normal  cones 
continued  using  a  smaller  number  of  cones  to 


characterize  types  of  damage  and  to  assess 
the  number  of  individuals  attacking  a  given 
cone. 

Rearing  began  in  July  with  collection  num- 
ber III.  Cones  were  separated  and  grouped 
based  on  external  damage,  placed  in  contain- 
ers covered  with  cheesecloth  and  left  at  room 
temperature  (18-22  C)  (Ebel  1959).  Insect 
specimens  collected  from  rearing  chambers, 
whether  adult  or  immature,  were  sent  to  spe- 
cialists for  identification. 


Results 

The  insect  species  collected  and  identified 
from  seeds  and  cones  of  singleleaf  pinyon  are 
listed  in  Table  1.  Following  are  discussions  of 
the  nature  of  the  damage  caused  by  each  in- 
sect and  descriptions  of  their  life  histories. 


ConophtJionis  monophijUae  Hopkins 
(Coleoptera:  Scolytidae) 

Pine  cones  that  dry  and  wither  before  they 
are  half  grown  are  said  to  be  "blighted."  The 
usual  cause  of  blighting  is  pine  cone  beetle 
damage  by  the  genus  Conophthorus  Hopk. 
(Keen  1958).  Species  in  this  genus  were  be- 
lieved by  Hopkins  (1915)  to  be  specific  to  a 
particular  member  of  the  genus  Piniis.  Con- 
ophthorus  monophijUae  is  a  unique  species 
consistently  associated  with  P.  monophylla 
(Wood  1982:  984). 

The  range  of  C.  monophijUae  would  be  ex- 
pected to  correspond  to  that  of  P.  mono- 
phijUa,  with  the  beetle  being  found  wherever 
the  singleleaf  pinyon  pine  occurs.  However, 
collection  of  C.  monophijUae  in  the  study 
area  represented  an  extension  of  its  known 
range  by  more  than  200  miles  (Wood  1982). 


Table  1.  Insects  associated  with  seeds  and  cones  oi  Pinus  uKutopht/lla  in  the  Raft  River  Mountains. 


Order 


Family 


Scientific  name 


Coleoptera 
Lepidoptera 

Homoptera 

Diptera 

Hynienoptera 


Scolytidae  Conoplitliiinis  monophiiUdc  Hopkins 

Pyralidae  Diorijctria  sp.  probably  aUnnitieUa  Hiilst 
Dioryctria  sp.  probably  ahieteUa  D.  &  S. 

Adelgidae  Pineiis  colomclcnsis  Gillette 

Cecidomyiidae  Asynapta  sp.  Loew 

Pteromalidae  Acerocepluihi  atwviolacca  Crawford 

Ichneumonidae  One  unidentified  species 
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Fig.  1.  Life  history  of  C.  inoiKipliiilhu'  slio\vin<j,  lite  cycle  stages  and  their  occurrence  chiring  the  growing  season. 
Adapted  from  Keen  (19.58)  and  field  observations. 


Life  history.  Mating  occurs  in  late  spring 
or  early  summer,  and  by  early  July  the  fe- 
male beetle  lays  her  eggs  in  the  second-year 
cones.  The  cone  is  killed  by  the  attack  of  the 
adult  beetle,  as  she  bores  a  tunnel  into  the 
base  of  the  cone  and  up  its  central  axis,  de- 
positing eggs  in  niches  to  the  sides  of  the  tun- 
nel. The  egg  niches  and  tunnel  are  packed 
with  frass.  The  first  larvae  were  observed 
within  the  cone  by  mid-July.  The  larvae  feed 
on  the  seeds  and  cone  scales,  honeycombing 
the  interior  of  the  cone.  Pupation  occurs  in 
mid-  to  late  August  with  the  adult  emerging 
two  to  three  weeks  later.  The  newly  emerged 
adults  overwinter  in  the  dead  cone  and  feed 
on  the  drying  tissue.  They  become  dormant 
during  the  winter  and  emerge  the  following 
.spring  (Fig.  1).  The  exact  date  of  emergence 
will  vary  with  springtime  temperatures. 
There  is  one  generation  per  year. 

Damage.  Cones  that  were  attacked  by  C. 
monopJii/Ilae  the  previous  year  were  readily 
identifiable  by  the  numerous  emergence 
holes  in  the  cone  scales.  Previously  attacked 
cones  may  either  remain  on  the  tree  or  fall  to 
the  ground.  Old  injiuy  was  easily  found  in 
the  study  area,  although  specific  counts  were 
not  attempted. 

Cones  that  were  attacked  early  in  the  cur- 
rent growing  season  were  hard,  brown,  and 
wrinkled  by  the  end  of  the  season.  The  en- 


trance hole  made  by  the  adult  female  was 
visible  near  the  base  of  the  cone,  with  very 
little  resin  or  frass  present  around  the  hole. 

Cones  that  were  attacked  later  in  the  sea- 
son opened  prematurely  and  had  an  entrance 
hole  near  the  base.  The  interior  contained 
larvae,  pupae,  or  adults.  Larvae  boring  in 
nearly  mature  cones  preferred  the  individual 
seeds  and  were  most  commonly  encountered 
there  with  only  one  larva  feeding  in  any  giv- 
en seed.  They  reduced  the  interior  of  the 
seed  to  strips  of  elongate  frass  and  pupated 
within  the  cone.  The  adult  emerged  the  fol- 
lowing spring  by  way  of  a  hole  bored 
through  the  cone  scale.  During  the  study 
year,  the  number  of  cones  attacked  by  Con- 
ophtliorus  did  not  exceed  11%  (Table  2,  Fig. 
2). 

Dionjctria  probably  albovittella  Hulst 
(Lepidoptera:  Pyralidae) 

Problems  were  encountered  with  the  iden- 
tification of  the  species  of  Dionjctria  in- 
volved. A  long  series  of  larvae  was  identified 
by  D.  M.  Weisman  as  probably  being  D.  al- 
bovittella Hulst.  However,  adults  that  were 
obtained  from  rearing  chambers  containing 
cones  infested  with  Dionjctria  sp.  appeared 
to  Weisman  and  D.  C.  Ferguson  to  be  D. 
ahieteUa  D.  &  S.  Weisman  and  Ferguson 
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Fig.  2.  Percentage  of  cones  attacked  by  major  insect 
species  at  various  times  during  the  study. 

(pers.  comm.)  believed  one  of  two  possible 
situations  existed:  the  first,  and  most  likely, 
was  a  mixed  population  consisting  of  D.  albo- 
vittella  and  a  few  D.  ahietella.  If  this  was  the 
case,  it  appeared  that  the  rearing  techniques 
used  here  might  have  selected  for  D.  ahie- 
tella.  The  second  possibility  was  that  a  new 
species  was  involved,  which  Weisman  consid- 
ered to  be  imlikely. 

The  caterpillars  of  this  species  of  moth  fed 
on  the  bracts,  scales,  and  seeds  of  second-year 
cones,  causing  blighting,  deformity,  and 
sometimes  death  of  the  entire  cone.  Usually  a 
variable  percentage  of  seeds  was  destroyed 
and  the  remainder  were  unaffected.  The  ac- 
tivity of  these  caterpillars  was  easily  identi- 


fiable by  a  large  hole  in  the  cone's  exterior- 
covered  by  frass,  webbing,  and  resin  (Keen 
1958). 

Dioryctria  alhovittella  is  specific  to  cones 
of  P.  monophylla  and  should  be  encountered 
throughout  the  range  of  the  singleleaf  pin- 
yon.  The  first  recorded  rearing  of  D.  alhovit- 
tella was  from  collections  made  near  Topaz 
Lake,  Nevada,  in  1939  (Keen  1958).  It  has  a 
wide  host  range,  affecting  a  number  of  co- 
niferous species. 

Life  history.  This  species  overwinters  as 
eggs  laid  by  females  on  twigs.  The  eggs  hatch 
in  early  spring,  and  larvae  are  active  in  the 
cones  from  June  through  September.  Pupae 
form  in  sparsely  lined  pupal  cells  in  July,  Au- 
gust, and  September.  Adults  emerge  from  the 
cones  in  August  and  September.  Mating  oc- 
curs during  this  period  and  eggs  are  again  de- 
posited on  twigs  (Keen  1958;  Fig.  3). 

Damage.  The  first  larvae  were  encoun- 
tered in  early  July,  burrowing  in  young  sec- 
ond-year cones.  The  activity  was  evident 
from  a  hole  covered  by  frass,  webbing,  and 
resin  in  the  exterior  of  the  cone.  The  frass  ex- 
isted as  large  spheres,  differing  from  that  of 
C.  monophyllae  described  earlier.  The  gallery 
within  the  cone  was  packed  with  frass  and 
resin;  the  tissue  immediately  adjacent  to  the 
gallery  dried  and  turned  brown.  The  cater- 
pillars fed  without  discrimination  on  scales 
and  seeds,  with  only  one  caterpillar  active 
within  any  given  cone.  Small  cones  attacked 
early  in  the  season  were  totally  destroyed, 
but  larger  cones  attacked  later  showed  only 
partial  destruction  and  could  bear  some  nor- 
mal seeds  and  open  some  scales  at  maturity 
(Little  1944). 

The  first  pupae  were  observed  in  late  July 
in  dry  cones.  It  appeared  that  the  larvae  fed 
for  a  determinate  length  of  time  and  then  pu- 
pated within  the  drying  cone.  Pupae  and  lar- 


Table  2.   Percentage  of  the  100-cone  sample  collected  on  each  of  the  dates  shown  and  attacked  bv  the  three  most 
mportant  insect  species.  Data  are  shown  for  various  collection  dates  in  1976.  See  also  Figure  2. 


Collect 

ion 

date 

Species 

Apr 

18 

May 

Jun 
3 

Jun 
20 

Jul 
6 

Jul 
21 

Aug 

3 

Aug 
23 

Sep 
13 

D.  alhovittella 

0 

0 

1 

8 

20 

15 

16 

29 

13 

C  iii<>n(>))lnilhic 

0 

0 

0 

0 

1 

1 

3 

10 

11 

P.  coloimlt'usis 

0 

16 

38 

34 

25 

3 

0 

0 

0 
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Fig.  3.   Life  history  of/),  (ilhiniltclhi.  Aclaj)tfcl  from  Keen  (1958)  and  field  oliseivations. 


vae  were  collected  imtil   the  latter  part  of 
August. 

The  percentage  of  cones  attacked  ranged 
from  1%  on  3  June  to  29%  on  23  August.  Af- 
ter this  time,  the  incidence  of  attack  dropped 
off  (Figure  2;  Table  2). 

Pineiis  coloradcnsis  Gillette 
(Homoptera:  Phylloxeridae) 

Species  within  the  genus  Pineiis  form 
dense  mats  of  wax,  often  covered  by  mold,  on 
twigs  of  ponderosa,  Jeffrey,  lodgepole,  sugar, 
pinyon,  white,  and  singleaf  pinyon  pines 
(Keen  1952).  The  damage  caused  by  this 
genus  is  usually  minor,  although  it  can  cause 
unsightliness  on  ornamentals.  A  species  in  the 
same  subfamily,  Adelges  cooleyi  Gillette, 
causes  the  familiar  shoot  tip  gall  seen  locally 
and  elsewhere  on  Picea  pungens  Engelm. 

Description.  This  species  is  widely  dis- 
tributed throughout  the  western  United 
States. 

Life  history.  "Few  groups  of  insects  have 
the  complexities  of  life  cycle  or  the  varieties 
of  form  which  are  exliibited  by  the  members 
of  the  subfamily  Adelginae  (Annand  1928).  " 
Two  different  species  of  conifers  are  neces- 
sary to  complete  the  life  cycle.  For  most 
members  in  the  genus  Pineiis  the  primary 
host  is  Picea  (Doane  et  al.   1936).  However, 


for  P.  coloradensis  no  alternate  host  is  known. 
Throughout  much  of  the  range  of  P.  colora- 
densis, including  the  study  area,  spruces  did 
not  occur  in  large  numbers  and  it  is  doubtful 
that  the  alternate  host  of  this  species  was 
spruce.  Either  another  as  yet  unidentified  al- 
ternate host  existed  or  the  alate  forms  that 
migrate  to  this  host  failed  to  become  estab- 
lished (Annand  1928). 

Several  generations,  usually  five,  occur  in 
the  life  cycle  of  Pineus.  Four  of  the  five  gen- 
erations are  female  only,  produced  parthe- 
nogenetically.  Males  are  produced  in  the  fifth 
generation  (Doane  et  al.  1936). 

Early  in  the  summer,  winged  females 
emerged  from  the  primary  host  and  migrated 
to  the  secondary  host,  P.  monophylla  in  this 
case.  The  first  observation  of  P.  coloradensis 
on  the  cones  of  P.  monophylla  was  made  on  8 
May.  The  reddish  females  established  them- 
selves in  the  crevices  between  cone  scales 
and  secreted  a  waxy  coating.  Beneath  this 
wax,  the  female  laid  eggs  and  the  eggs 
hatched  into  nymphs  that  fed  on  the  resins  of 
the  young  cones.  There  was  only  one  female 
beneath  each  wax  mass,  although  many  fe- 
males could  become  established  on  a  given 
cone.  Thirty-eight  percent  of  the  cones  in  the 
sample  taken  on  3  June  showed  this  activity 
(Table  2).  This  figure  dropped  off  very  rapid- 
ly during  June  and  July,  and  no  observations 
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were  made  of  P.  coloradensis  after  21  July 
(Fig.  2).  Development  into  alate  adults  and 
subsequent  dispersion  apparently  occurred 
quite  rapidly,  resulting  in  this  marked  de- 
crease in  the  insect  population  present  on  the 
cones. 

Damage.  The  secretion  of  wax  and  ovipos- 
iting by  females  of  P.  coloradensis  did  no  ap- 
parent damage  to  the  cones  of  P.  monophijUa 
internally  or  externally.  Observations  made 
on  cones  displaying  P.  coloradensis  showed 
subsequent  normal  development  during  the 
time  the  insect  was  present  and  after  it  dis- 
persed. Adult  females  can  lay  up  to  100  eggs, 
and  it  has  been  noted  that  the  feeding  activi- 
ty of  immatures  on  new  growth  can  be  harm- 
ful, especially  to  young  trees,  if  the  insect  is 
present  in  abimdance  (Doane  et  al.  1936).  In 
the  introduction  to  this  section,  it  was  noted 
that  an  imsightly  condition  on  ornamentals 
can  result  from  the  presence  of  species  in  this 
and  related  genera. 

Previous  reports  of  this  insect  have  re- 
stricted its  occurrence  to  needles  and  twigs. 
This  study  demonstrated  that  cones  repre- 
sented an  important  additional  habitat. 

Other  Insects 

Three  additional  insect  species  were  ob- 
tained from  the  cone  samples.  One  was  a 
cone  pest  identified  only  to  the  genus  Asy- 
napta.  The  two  remaining  insects  were  para- 
sites, one  of  D.  albovitfella  and  the  other  of 
C.  monophyllae.  Tlie  gall  midge  genus  Asy- 
napta  (Diptera  Cecidomyiidae)  (USD A  1965) 
is  capable  of  causing  destruction  of  first-year 
cones  (Felt  1935).  First-year  cones  were  not 
considered  in  this  study,  and  Asynapta  sp. 
was  collected  from  a  sample  of  second-year 
cones.  The  limited  publications,  isolated  oc- 
currence, and  the  fact  that  only  inunatiues 
were  obtained  made  it  impossible  to  deter- 
mine the  life  cycle  or  specific  identification. 

Two  parasites  were  identified.  One  was  an 
adult  specimen  of  Acerocephala  atroviohicea 
Crawford  that  develops  on  larvae  and  pupae 
of  Scolytidae  (Clausen  1940),  in  this  case  C. 
monophyllae.  It  has  previously  been  reared 
from  C.  edidis-infested  cones  of  P.  edulis  at 
Ute  Pass,  Colorado,  and  Las  Vegas,  New 
Mexico  (Gahan  1946).  The  other  parasite  was 
a  member  of  the  Ichneumonidae,  which  are 


common  parasites  of  caterpillars.  The  one 
reared  out  in  this  study  was  associated  with 
Dioryctria  sp.,  but  its  positive  identification 
was  not  possible  due  to  the  previously  dis- 
cussed problems  in  identifying  the  Dioryctria 
sp.  found  in  this  study. 

Discussion 

Very  few  insect  species  have  been  de- 
scribed in  association  with  P.  monophylla. 
From  the  literature,  three  species  have  been 
listed  as  the  most  important  pests  of  second- 
year  singleleaf  pinyon  pine  cones.  These  are, 
according  to  Keen  (1958),  Conophthorus 
monophyllae,  Dioryctria  alhovittcUa,  and  Eu- 
cosnia  bohana.  Little  (1943,  1944)  also  em- 
phasized the  importance  of  the  genera  Con- 
ophthonis  and  Dioryctria  on  P.  edulis.  Keen 
and  Little  mentioned  the  activity  of  uniden- 
tified gall  midges  of  the  family  Cecido- 
myiidae as  having  an  impact  on  cone  crops, 
especially  on  first-year  cones. 

In  this  study,  D.  probably  alhovittella  and 
C.  monophyllae  were  the  most  serious  pests 
reducing  seed  production  in  P.  monophylla. 
The  adelgid,  Pineiis  coloradensis,  was  of 
widespread  occurrence,  but  caused  little 
damage  in  the  study  area.  The  cecidomyiid  of 
the  genus  Asynapta  was  encountered  only 
once  and  was  considered  to  be  of  minor  im- 
portance. E.  bohana  was  not  collected  in  the 
study  area. 

Dioryctria  probably  alhovittella  was  wide- 
spread and  regarded  as  the  most  damaging 
insect  species  attacking  second-year  cones  of 
P.  monophylla.  The  caterpillars  were  present 
and  active  in  cones  throughout  much  of  the 
growing  season,  feeding  without  discrimina- 
tion on  all  parts  of  the  cone. 

The  singleleaf  pinyon  cone  beetle,  C.  mon- 
ophyllae, has  a  high  potential  for  reducing 
seed  production.  Large  numbers  of  offspring 
developed  in  and  emerged  from  a  single 
cone.  In  this  study,  no  cone  found  to  be  at- 
tacked by  cone  beetles  contained  any  normal 
seeds.  The  incidence  of  attack  in  the  study 
area,  however,  was  low,  though  typical  Con- 
ophthorus populations  do  increase  during 
years  of  heavy  cone  production,  then  affect  a 
large  percentage  of  cones  the  following  year 
(Forcella  1980).  One  significant  outcome  of 
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Fit^.  4.  Time  of  activity  of  various  insect  species  during  the  growing  season. 


this  study  was  the  extension  of  the  known 
range  of  C.  monophijUae  by  200  miles. 

Pineus  coloradensis  is  a  species  of  minor 
economic  importance.  Its  collection  and 
identification  in  this  study  was  of  value  be- 
cause it  represents  the  first  recorded  observa- 
tion of  this  insect  species  on  P.  monophijUa . 
In  addition,  P.  coloradensis  was  not  pre- 
viously reported.  Further  research  on  this 
species  in  the  study  area  would  be  valuable 
in  determining  the  primary  host  and  in  ob- 
taining a  more  thorough  understanding  of  its 
complex  life  cycle. 

Larvae  of  the  gall  midge,  Asynapta  sp., 
were  encoimtered  only  once  in  this  study. 
Keen  and  Little  reported  unidentified  gall 
midges  of  the  same  family  (Cecidomyiidae)  as 
being  the  most  important  insects  damaging 
first-year  cones,  but  this  study  apparently 
represents  the  first  report  of  Asynapta  sp.  in 
the  western  United  States.  Because  no  adults 
were  obtained,  identification  to  the  species 
level  was  not  possible. 

Two  parasitic  insects  were  also  contained 
in  tliis  study.  Acerocephala  atroviolacea  was 
parasitic  on  C.  monophijUae.  The  other  para- 
site attacked  D.  albovitteUa  and  could  be 
identified  only  to  the  family  level.  Neither 
was  obtained  in  abmidance  and  was  not  be- 
lieved to  be  effective  in  reducing  cone  beetle 


or  cone  worm  populations  during  the  year  of 
the  study. 

There  was  some  correlation  between  the 
time  of  attack  by  the  major  insect  species  and 
the  seasonal  history  of  the  cone.  Pineus  colo- 
radensis was  most  active  on  the  cones  during 
the  early  part  of  the  season.  At  this  time,  the 
cones  were  producing  the  most  resin  for  the 
adults  and  immatures  to  feed  upon.  D.  albo- 
vitteUa was  active  during  the  early  and 
middle  portion  of  the  growing  season,  when 
the  cones  were  growing  rapidly  and  were 
very  succulent.  Caterpillars  can  feed  on  any 
of  the  cone  tissues  during  this  time.  However, 
by  late  August,  when  the  cones  were  reach- 
ing maturity,  the  occurrence  of  D.  probably 
albovitteUa  declined  sharply.  Conophthorus 
monophyUae  preferred  to  feed  on  the  indi- 
vidual seeds  within  a  cone.  It  did  not  become 
active  luitil  the  cone  had  matured  to  the 
point  that  individual  seeds  were  evident  (Fig. 
4). 
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BRISTLECONE  PINE  AND  CLARK'S  NUTCRACKER: 
PROBABLE  INTERACTION  IN  THE  WHITE  MOUNTAINS,  CALIFORNIA 

Ronald  M.  Lanner',  Harry  E.  Hutchins',  and  Harriette  A.  Lanner' 

-Abstract.—  Many  bristlecone  pines  in  the  White  Moinitains,  CaHfornia,  are  members  of  multistem  climips.  We 
propose  that  these  clumps  have  arisen  by  multiple  germinations  from  seed  caches  of  Clark's  Nutcracker,  as  occurs  in 
several  other  pine  species.  The  commonness  of  nutcrackers  and  their  caching  of  singleleaf  pinyon  seeds  in  the  study 
area  provide  supporting  evidence.  Other  vertebrates  appear  unlikely  to  be  responsible  for  the  stem  clumps.  Seed 
burial  ma\  be  reejuired  to  establish  regeneration  on  these  adverse  sites  where  bristlecone  pine  attains  great 
loiiLrevitN'. 


Clark's  Nutcracker  (Corvidae:  Nucifraga 
Columbiana  Wilson)  disperses  seeds  and  es- 
tablishes seedlings  of  Colorado  pinyon  {Pinus 
cdiilis  Engelni.),  singleleaf  pinyon  (P.  mono- 
phijlla  Torr.  &  Frem.),  limber  pine  {P.  flexilis 
James),  and  whitebark  pine  (P.  albicaiilis 
Engelm.)  (Vander  Wall  and  Balda  1977, 
Tomback  1978,  Lanner  and  Vander  Wall 
1980).  Nutcrackers  remove  seeds  from  cones, 
hold  them  temporarily  in  a  sublingual  pouch, 
and  subsequently  cache  them  in  the  soil  as  a 
winter  and  spring  food  resource.  Despite  a 
marked  preference  for  the  large  wingless 
seeds  of  the  above-mentioned  species,  nut- 
crackers sometimes  harvest  as  well  the  small- 
er winged  seeds  of  ponderosa  pine  {P.  ponde- 
rosa  Laws.),  Jeffrey  pine  {P.  jeffreyi  Grev.  & 
Balf.),  and  even  Rocky  Mountain  Douglas-fir 
{Pseudotsuga  menziesii  var.  glauca  [Beissn.] 
Franco)  (Giuntoli  and  Mewaldt  1978,  Tom- 
back  1978).  Seeds  left  unretrieved  frequently 
genninate  as  groups  of  seedlings  that  develop 
into  distinctive  tree  clumps  in  which  the 
number  of  stems  reflects  the  number  of  seeds 
per  cache.  High  frequencies  of  multiple  stem 
clumps,  as  opposed  to  single  stems,  charac- 
terize limber  and  whitebark  pine,  and  greatly 
exceed  clumping  in  winged-seeded  conifers 
not  cached  by  nutcrackers  (Lanner  1980). 
Clark's  Nutcracker  is  the  only  reliable  agent 
of  seed  dispersal  and  seedling  establishment 
of  whitebark  pine,  other  animals  lacking  the 
capability  of  serving  these  functions  (Hutch- 
ins and  Lanner  1982).  The  similarity  of  fauna 
in  whitebark  and  limber  pine  forests  suggests 


it  is  the  most  effective  disperser  and  estab- 
lisher  of  limber  pine  as  well. 

Great  Basin  bristlecone  pine  (P.  longaeva 
D.  K.  Bailey)  has  relatively  small  winged 
seeds  (USDA  Forest  Service  1974).  Peattie 
(1953)  reported  that  nutcrackers  harvest 
seeds  of  P.  aristata  Engelm.,  under  which 
name  he  included  what  has  since  been  .segre- 
gated as  P.  longaeva.  Vander  Wall  and  Balda 
(1977)  stated  that  P.  aristata  seeds  were  eaten 
by  nutcrackers,  but  probably  not  stored  un- 
less local  pinyon  and  limber  pine  seed  crops 
had  failed.  In  this  paper  we  present  evidence 
that  nutcrackers  not  only  eat  bristlecone  pine 
seeds,  but  they  also  store  them  in  the  soil, 
thus  causing  establishment  of  seedlings. 

Methods 

The  study  area  is  the  Ancient  Bristlecone 
Pine  Forest,  a  dedicated  botanical  area  with- 
in the  Inyo  National  Forest  in  the  White 
Mountains,  California.  We  made  observations 
23  July  and  30  September-3  October  1982  in 
the  Schulman  Memorial  Grove  (3030-3150 
m)  and  the  Patriarch  Grove  (3425  m).  Both 
areas  have  substrate  of  light  gray  to  white 
dolomitic  limestone  that  frequently  forms  a 
pavement  of  small  fragments.  Bristlecone 
pine  is  the  predominant  tree  species.  Limber 
pine  occurs  sporadically  in  both  groves  but 
does  not  reach  tree  size  in  the  Patriarch 
Grove.  The  most  common  shrubs  are  of  the 
genera  Artemisia  and  Ribes,  but  the  ground  is 
mostly  bare  of  vegetation  (Fig.  1). 


'Department  of  Forest  Resources,  Utah  State  University,  Logan,  Utah  84322. 
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bristlecone  pine  tree;  or,  in  the  case  of  the 
lower  woodland,  a  limber  pine  tree. 


Fig.  1.  An  ancient  bristlecone  pine  stem  clump  grow- 
ing on  dolomite  in  the  Patriarch  Grove. 

Three  20  x  50  m  transects  were  laid  out  in 
each  grove,  through  typical  forest  cover. 
Data  recorded  for  each  tree  in  each  transect 
were  species,  diameter  class  (<1  cm,  1-10 
cm,  >10  cm  at  breast  height),  and  number  of 
independent  stems  in  contact  at  the  root  col- 
lar. The  transects  sampled  east,  northeast, 
west,  northwest,  and  south  aspects. 

Diurnal  vertebrates  were  identified  and 
coimted  during  29.25  hr  in  the  Schulman  and 
Patriarch  Groves  and  in  a  limber  pine  wood- 
land nearby  at  3000  m.  A  "visit"  is  an  epi- 
sode in  which  an  individual  animal  was  ob- 
served in  (bird)  or  at  the  base  of  (mammal)  a 


Results 

Stem  clumps  were  common  among  trees  of 
both  species  and  of  all  diameter  classes,  at 
both  groves.  All  the  limber  pines  were  mem- 
bers of  multistem  clumps.  Bristlecone  pine 
was  more  highly  clumped  in  the  Patriarch 
Grove  than  in  the  Schulman  Grove  (Table  1). 
Though  one  would  intuitively  expect  larger 
and  therefore  older  trees  to  have  fewer  stems 
per  clump  due  to  attrition,  no  such  relation- 
ship was  detectable  in  the  data.  It  is  suggest- 
ed by  Forest  Service  interpretive  signs  in  the 
Patriarch  Grove  that  the  multistem  habit  of 
bristlecone  pines  there  is  due  to  the  rooting 
of  prostrate  branches  (i.e.,  layering);  but  close 
examination  of  clumps  disclosed  no  evidence 
of  such  an  origin. 

In  26.25  hr  of  animal  observations,  11  spe- 
cies of  birds  and  2  of  mammals  were  ob- 
served in  or  at  the  base  of  bristlecone  pines. 
The  following  species  are  omitted  from  Table 
2  because  they  are  not  considered  possible 
dispersers  or  establishers  of  bristlecone  pine: 
White-breasted  and  Pygmy  Nuthatches, 
Dark-eyed  Junco,  White-crowned  Sparrow, 
Hairy  Woodpecker,  Mountain  Chickadee, 
and  Common  Flicker.  None  of  these  species 
is  reported  to  cache  seeds  in  the  soil.  Of  the 
remaining  6  animals  considered  possible  dis- 
persers or  establishers,  nutcrackers  made  88% 
of  the  visits  to  bristlecone  pines  (Table  2). 
We  saw  no  seeds  actually  being  harvested 
from  cones  of  bristlecone  pine,  which  were 
then  beginning  to  open.  There  was,  however, 
a  high  level  of  harvesting  activity  by  nut- 
crackers   on    singleleaf   pinyons   and   limber 


Table  1.  Stem  clumping  in  bristlecone  and  limber  pines  on  transects  in  the  Ancient  Bristlecone  Pine  Forest, 
White  Mountains.  C^alifornia.  Asterisk  (°)  indicates  significant  difference  between  groves  (a  =  .05,  Newman-Keuls 
multiple  mean  test). 


Schulman  Grove 


Patriarch  Grove 


Bristlecone 

Limber 

Bristlecone 

Limber 

n  (trees) 

76 

5 

122 

27 

n  (clumps)' 

48 

2 

45 

7 

trees/clump,  x  ±  s.d 

1.6  ±.9° 

2.5^ 

2.7±2.1° 

.3.9  ±1.8 

trees/clump,  range 

1-4 

2-3 

1-11 

2-7 

percent  multi-stem  cl 

umps 

46 

100 

69 

100 

'A  clump  includes  single  stems  as  well  as  multiples. 
-Insufficient  data  for  S.D.  computation. 
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pines  nearby,  even  though  their  cones  also 
were  mainly  closed.  On  many  occasions  nut- 
crackers were  seen  caching  seeds  in  the  study 
area,  but  the  five  caches  that  were  excavated 
(four  in  the  Patriarch  Grove,  one  in  the 
Schulman  Grove)  contained  only  seeds  of  sin- 
gleleaf  pinyon.  Cones  of  50  bristlecone  pines 
from  each  grove  showed  no  damage  of  the 
type  often  caused  by  nutcrackers  (Lanner 
1980). 

Discussion 

The  high  frequency  of  stem-clumping 
among  bristlecone  pines  (46-69%)  cannot 
reasonably  be  attributed  to  the  generally  ran- 
dom seed-rain  resulting  from  wind  dispersal. 
It  compares  with  the  following  clumping  fre- 
quencies of  wingless-seeded  pines  known  to 
be  dispersed  and  established  by  nutcrackers: 
limber  pine  in  Logan  Canyon,  Utah,  53-68%; 
and  whitebark  pine  in  Togwotee  Pass, 
Wyoming,  47%  (Lanner  1980).  These  figures 
are  conservative  as  indices  of  nutcracker  ac- 
tivity because  they  exclude  (a)  caches  con- 
sisting of  one  seed  only  and  (b)  multiseed 
caches  in  which  only  one  germinant  survives 
to  be  coimted.  Fritts  (1969)  found  34%  of 
bristlecone  pines  in  his  White  Mountain 
quadrats  to  be  multistemmed.  The  clumping 
frequency  of  limber  pine  in  both  groves 
(100%)  and  the  observations  of  nutcracker  ac- 
tivity there  conclusively  show  that  nut- 
crackers cache  seeds  in  the  very  areas  where 
clumped  bristlecones  occur.  The  transport  of 


Table  2.  Frequency  of  visits  by  potential  seed  dis- 
persers  in  and  adjacent  to  Ancient  Bristlecone  Pine  For- 
est, White  Mountains,  California,  30  September-3  Octo- 
ber 1982. 


Limber 

Schulman 

Patriarch 

Pine 

Grove 

Grove 

Woodland 

Observation 

time,  hours 

15.5 

10.75 

3.0 

Visits  per 

hour  of  observation 

Clark's 

Nutcracker 

7.0 

3.7 

25.7 

Pinyon  Jay 

0 

.2 

0 

Scrub  Jay 

.1 

0 

0 

Raven 

.1 

.2 

.7 

Chipmunk 

0 

.6 

0 

Golden-mantled 

ground  squirrel 

.5 

0 

0 

singleleaf  pinyon  .seeds  to  high  elevations 
where  seedling  survival  is  doubtful  has  also 
been  noted  in  Utah  (Lanner  and  Vander  Wall 
1980).  It  may  have  the  ultimate  effect  of  se- 
lecting genotypes  adapted  to  these  high-ele- 
vation conditions. 

The  much  greater  density  of  Clark's  Nut- 
cracker in  both  groves,  compared  to  that  of 
other  possible  dispersers,  further  supports  the 
hypothesis  that  nutcrackers  establish  bristle- 
cone pine  seedlings.  Pinyon  jays  are  known 
to  cache  pinyon  pine  seeds  in  groups  (Vander 
Wall  and  Balda  1981),  but  their  small  num- 
bers suggest  a  minor  role  here.  Scrub  jays  sel- 
dom cache  seeds  in  groups  (Vander  Wall  and 
Balda  1981),  so  are  unlikely  to  be  responsible 
for  stem  clumps.  Though  ravens,  chipmunks, 
and  golden-mantled  ground  squirrels  are  pos- 
sible dispersers,  our  recent  study  (Hutchins 
and  Lanner  1982)  has  shown  such  a  role  high- 
ly improbable  for  them.  Also,  ground  squir- 
rels were  not  seen  in  the  Patriarch  Grove, 
where  clumping  was  most  common.  The  ef- 
fect of  nocturnal  rodents  was  not  measured 
here,  but  is  probably  very  minor  (Abbott  and 
Quink  1970,  Hutchins  and  Lanner  1982). 

The  texture  of  the  substrate  in  both  groves 
is  morphologically  similar  to  that  of  a  com- 
munal caching  site  described  by  Lanner  and 
Vander  Wall  (1980).  Though  bristlecone  pine 
distribution  in  the  White  Mountains  has  been 
attributed  largely  to  the  moisture-holding 
qualities  of  the  substrate  (Wright  and 
Mooney  1965),  it  is  possible  that  the  cache- 
site  preference  of  nutcrackers  is  also  a  signifi- 
cant factor. 

Our  inability  to  observe  nutcrackers  har- 
vesting and  caching  bristlecone  pine  seeds 
did  not  surprise  us  in  view  of  the  availability 
of  the  larger  limber  pine  and  singleleaf  pin- 
yon seeds  nearby.  The  nutcrackers  obtained 
these  seeds  by  tearing  up  the  unopened 
cones,  as  they  often  do  (Lanner  1980)  with 
these  species.  Whether  they  also  demolish 
the  hard,  bristly,  closed  cones  of  bristlecone 
pine  is  unknown.  We  found  no  such  cones  on 
the  ground. 

Though  some  investigators  have  called  at- 
tention to  the  fact  that  the  most  ancient  of 
the  old  bristlecone  pines  are  found  on  the 
most  adverse  sites  (Schulman  1954,  1958,  La- 
Marche  1969,  Wright  and  Mooney  1965), 
they  have  not  addressed  the  question  of  how 
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seedlings  get  established  on  such  sites.  We 
suggest  that  in  the  White  Mountains,  Clark's 
Nutcracker  facilitates  bristlecone  pine  estab- 
lishment by  placing  seeds  in  subsoil  caches 
conducive  to  germination.  Caching  prevents 
seeds  from  being  blown  away,  preyed  upon, 
or  becoming  desiccated.  Significant  regenera- 
tion of  bristlecone  pine  probably  follows 
years  when  a  good  seed  crop  of  this  species 
coincides  with  poor  crops  of  limber  pine  and 
singleleaf  pinyon. 
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INCIDENCE  OF  THE  LEECH  HELOBDELLA  STAGNALIS 
ON  THE  COLORADO  RIVER  IN  WEST  CENTRAL  COLORADO 

Mitra  Malek'  and  Gary  McCallister' 


.\bstract.—  Fiftv-seven  fish  of  three  genera  were  taken  from  the  Colorado  River  in  west  central  Colorado  and 
examined  for  external  parasites.  No  external  parasites  were  found  on  Irtalitrus.  Seven  percent  of  the  Hijbognathus 
and  I(X)  percent  of  the  Catastnmii.s  were  infected  with  a  Hirudinean  of  the  species  HchhdcUa  staonalis. 


Tlie  Colorado  River  is  a  major  drainage  of 
the  American  Southwest.  One  of  the  first 
large  tributaries  to  join  the  Colorado  is  the 
Gunnison  River,  which  drains  the  south  cen- 
tral Colorado  Rocky  Mountains.  These  two 
rivers  join  on  the  southwest  edge  of  the  city 
of  Grand  Junction,  Colorado,  in  a  large  val- 
ley. In  tliis  area  there  are  a  number  of  rapids 
alternating  with  deeper,  still  channels  to  give 
a  variety  of  habitats. 

Of  the  44  species  of  freshwater  leeches  in 
the  United  States  (Pennak  1978),  only  the 
Piscicolidae  generally  attack  fish.  They  at- 
tach to  fish  periodically,  take  a  blood  meal, 
and  then  abandon  the  host  for  a  time.  Their 
life  cycles  are  not  well  known,  and  fish  host 
specificity  appears  to  be  lacking  (Hoffman 
1970). 

Methods 

In  this  study,  57  fish  were  caught  by  sein- 
ing from  the  Colorado  River  in  west  central 
Colorado,  on  the  outskirts  of  Grand  Junction, 
Colorado.  Samples  were  taken  only  during 
the  months  of  April  and  May  in  1982  and 
1983,  and  all  samples  were  captured  close  to 
the  shore,  as  spring  currents  are  treacherous. 
The  surface  of  each  fish  was  examined  with  a 
dissecting  microscope  at  magnifications  of 
4X.  The  number  of  leeches  on  each  fish  were 
recorded  and  the  fish  host  identified. 

Leeches  were  placed  in  the  lid  of  a  petri 
dish  in  a  small  amount  of  water.  The  inverted 
bottom  of  the  dish  was  then  placed  over  the 
leech  to  keep  it  flattened.  Seventy  percent 
ethanol  was  gradually  added  until  movement 


ceased,  usually  15  to  30  minutes.  Specimens 
were  then  washed  in  70%  overnight,  then 
stored  in  vials  of  80%  ethanol.  A  few  speci- 
mens were  fixed  in  Schaudinn's  fluid  over- 
night and  then  washed  in  two  changes  each 
of  50%  and  70%  ethanol,  for  30  minutes  in 
each  change.  The  specimens  were  stained 
with  borac  carmine  overnight;  then  destained 
in  70%  acid  alcohol.  Dehydration  of  the  spec- 
imen was  accomplished  by  passage  through 
70,  80,  90,  and  100%  ethanol,  then  cleared  in 
xylene  and  mounted  in  permount. 


Results 

Fifty-seven  fish  belonging  to  three  species 
were  examined  (Table  1).  The  smallest 
sample  was  of  Ictalurus  metas,  a  catfish.  All 
specimens  of  this  species  were  relatively 
small,  averaging  4  cm  in  length,  and  none 
were  found  to  have  leeches  attached.  The 
largest  group  of  fish  was  of  the  Silvery  Min- 
now {Hijbognathus  nuclialis),  of  which  3  of 

Table  1.  The  hosts,  numbers  collected,  percent  in- 
fected, and  the  mean  nimiber  of  leeches  per  host  for  fish 
collected  from  the  Colorado  River  in  west  central 
Colorado. 


X 

Leeches/ 

Host 

Nvmiber 

Number 

infected 

(Genus) 

sampled 

infected 

Percent 

host 

Catostomus 

11 

11 

100 

3 

Hijbognathus 

43 

3 

7 

1 

Ictalurus 

3 

0 

0 

0 

'Department  of  Biology,  Mesa  College,  Grand  Junction,  Colorado  81501. 


361 


362 


Great  Basin  Naturalist 


Vol.  44,  No.  2 


43  (7%)  were  infected.  Each  infected  fish  of 
this  species  had  only  one  external  parasite. 
The  11  Catastomiis  latipinnis  (suckers)  were 
all  (100%)  infected  and  averaged  3  leeches 
per  host  (varying  from  1  to  8  each).  All 
leeches  on  the  14  infected  fish  were  identi- 
fied as  Helobdella  stagnalis.  Tentative  identi- 
fication was  made  by  the  authors  and  then 
confirmed  by  Dr.  Bruce  Bauerle,  Biology  De- 
partment, Mesa  College,  Grand  Junction, 
Colorado. 

Discussion 

The  water  arriving  at  the  Colorado  River 
from  the  Gimnison  River  tributary  somewhat 
changes  the  volume  and  nature  of  the  Colo- 
rado River  below  the  confluence.  The  Gun- 
nison has  crossed  a  40-mile  stretch  of  exposed 
lowland  and  has  warmed  slightly  prior  to 
joining  the  Colorado  River.  On  the  days  of 
seining,  there  was  a  3  C  difference  in  temper- 
ature between  the  two  rivers.  The  added  tur- 
bulence, volume,  food  supply,  and  temper- 
ature may  create  habitats  that  do  not  exist 
upstream  in  the  Colorado  River. 


Helobdella  stagnalis  appears  to  be  a  cos- 
mopolitan and  common  Hirudinea  (Pennak 
1953,  Young  and  Ironmonger  1980).  It  usual- 
ly makes  its  way  in  the  world  as  a  scavenger, 
or  predator  of  small  invertebrates  such  as 
oligochaets,  chironomids,  and  gastropods 
(Young  and  Ironmonger  1980).  It  occasionally 
is  reported  on  fish  or  amphibians,  and  will 
rarely  take  blood  from  man.  Its  geographic 
presence  in  Colorado  is  not  surprising  be- 
cause of  its  cosmopolitan  nature.  Its  uniform 
presence  on  Catostomus  in  these  samples  is 
unusual.  This  appears  to  be  the  first  report  of 
Helobdella  stagnalis  in  the  upper  Colorado 
River  drainage  and  also  the  first  report  of  this 
leech  on  Catostomus. 
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FIELD  ESTABLISHMENT  OF  FOURWING  SALTBUSH 

IN  PROCESSED  OIL  SHALE  AND  DISTURBED  NATIVE  SOIL 

AS  INFLUENCED  BY  VESICULAR-ARBUSCULAR  MYCORRHIZAE' 

C.  A.  Call- and  C.  M.  McKell' 

.\bstract.—  Seedlings  of  fourwing  saltbush  (Atriplex  canescens  (Pursh)  Niitt.)  were  inoculated  with  indigenous 
vesicular-arbuscular  mvcorrhizal  (VAM)  hingi  in  a  containerized  system  and  transplanted  into  processed  oil  shale 
and  disturbed  native  soil  in  a  semiarid  rangeland  environment  in  northwestern  Colorado.  After  two  growing  seasons 
in  the  field,  plants  inoculated  with  VAM  had  greater  aboveground  biomass,  cover,  and  height  than  noninoculated 
plants.  Mvcorrhizal  plants  were  more  effective  in  the  uptake  of  water  and  phosphorus.  Infection  levels  of  inoculated 
plants  were  greatlv  reduced  in  processed  shale  (from  13.0  at  outplanting  to  3.8  at  harvest),  but  fimctional  VAM 
associations  could  be  found  after  two  growing  seasons.  Results  indicate  that  VAM  help  make  processed  oil  shale  a 
more  tractable  medium  for  the  establishment  of  plants  representative  of  later  successional  stages  by  allowing  these 
plants  to  make  effective  use  of  the  natural  resources  that  are  limiting  under  conditions  of  high  stress. 


Processed  oil  shale  is  biologically  sterile, 
highly  alkaline  (pH  of  8  to  12),  highly  saline 
(ECe  of  6  to  26  mmhos/cm),  and  deficient  in 
available  nitrogen  (N)  and  phosphorus  (P) 
(Institute  for  Land  Rehabilitation  1979, 
Schmehl  and  McCaslin  1973).  Relatively  few 
studies  have  been  conducted  in  the  United 
States  using  untreated  processed  shale  as  a 
plant  growth  medium,  and  the  results  have 
generally  been  disappointing.  Schmehl  and 
McCaslin  (1973)  observed  that  germination 
and  seedling  growth  of  tall  wheatgrass  (Ag- 
ropyron  elongatum  (Host)  Beauv.)  and  Rus- 
sian wildrye  {Elymtis  jtinceits  Fisch.)  were 
significantly  lower  on  processed  shale  than 
on  soil.  Merkel  (1973)  reported  poor  estab- 
lishment of  10  direct-seeded  grass,  forb,  and 
shrub  species  and  several  transplanted  shrub 
species  on  untreated  spent  shale.  In  a  similar 
study  (Baker  and  Duffield  1973),  several 
weedy  species  invaded  untreated  spent  shale 
plots  originally  seeded  with  several  shrub  and 
perennial  grass  species. 

Intensive  treatments  (leaching  salts  from 
the  root  zone,  fertilization,  mulching,  and  pe- 
riodic supplemental  irrigation)  allow  a  vari- 
ety of  plant  species  to  be  directly  established 
on  processed  shale  (Bloch  and  Kilburn  1973, 
Harbert  and  Berg  1974).  However,  these 
treatments  may  not  be  feasible  on  a  com- 


mercial scale  due  to  their  high  cost  or  the 
unavailability  of  resources. 

McKell  (1978)  proposed  a  strategy  for  the 
rehabilitation  of  processed  oil  shale  piles  that 
would  work  within  the  environmental  con- 
straints of  affected  arid  and  semiarid  ecosys- 
tems and  be  more  cost  effective  than  those 
strategies  that  recommend  extensive  modifi- 
cations of  the  spent  shale.  Local  ecotypes  of 
dominant  plant  species  would  be  propagated, 
grown  in  containers,  and  transplanted  into 
soil  trenches  surrounded  by  surface-treated 
water  catchment  slopes.  Minimal  fertilization 
and  supplemental  irrigation  would  be  used 
only  when  necessary  during  the  initial  estab- 
lishment period.  Indigenous  vesicular- 
arbuscular  mycorrhizae  may  prove  to  be  vital 
to  the  success  of  this  minimum-treatment  re- 
habilitation strategy. 

Vesicular-arbuscular  mycorrhizae  (VAM) 
enhance  plant  absorption  of  P  and  other  ele- 
ments, enhance  water  uptake  and  transport 
in  plants,  and  allow  plants  to  withstand  high 
temperatures  (Gerdemann  1975).  Vesicular- 
arbuscular  mycorrhizae  are  also  key  links  in 
nutrient  cycling  and  energy  flow  processes  in 
ecosystems  (Trappe  and  Fogel  1977). 

When  soils  are  disturbed  there  is  a  reduc- 
tion in  VAM  fungal  propagules  and  a  lower 
potential    for    infection   of   new   host    plants 


'A  project  of  the  Institute  for  Land  Rehabilitation,  Utah  State  University,  supported  in  part  by  a  grant  from  the  White  Ri- 
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(Miller  1979,  Reeves  et  al.  1979).  The  greater 
the  disturbance,  the  greater  is  the  potential 
for  elimination  of  mycorrhizal  propagules 
and,  therefore,  a  longer  time  is  required  for 
reestablishment  of  mycorrhizal  vegetation. 

The  success  of  a  minimal-treatment  reveg- 
etation  program  for  processed  oil  shale  piles 
and  disturbed  soils  may  depend,  in  part,  on 
developing  methods  to  introduce  VAM  fungi 
into  disturbed  sites  where  they  are  absent. 
The  inoculation  of  nursery  bed  or  container 
media  with  VAM  fungi,  in  combination  with 
reduced  fertility  levels,  could  produce  plants 
better  adapted  to  the  environmental  condi- 
tions of  the  outplanting  site  and  provide  a 
source  of  inoculum  for  other  desirable  plant 
species  that  require  VAM  associations  for 
siiccessful  establishment. 

A  field  study  was  undertaken  to  determine 
if  the  inoculation  of  fourwing  saltbush  (Atri- 
plex  canescens  (Pursh)  Nutt.)  with  VAM  fungi 
would  provide  plants  better  adapted  for  a 
minimal-treatment  revegetation  program  for 
processed  oil  shale  and  disturbed  native  soil. 

Study  Area 

Upon  initiation  of  this  research  in  1977,  all 
field  experiments  were  to  be  conducted  on  or 
adjacent  to  Federal  Oil  Shale  Lease  Tracts 
Ua  and  Ub  in  northeastern  Utah.  Due  to  the 
size  of  the  study  plot  required,  and  the  logis- 
tics and  cost  of  hauling  Paraho  processed 
shale  from  the  Anvil  Points  retort  in  north- 
western Colorado  to  the  Ua/Ub  study  site, 
field  outplanting  studies  were  moved  to  An- 
vil Points  in  1979.  Indigenous  VAM  fungal 
inoculum  was  collected  on  tracts  Ua  and  Ub 
prior  to  the  relocation  of  field  outplanting 
studies  to  the  Anvil  Points  site. 

Tracts  Ua  and  Ub  are  approximately  80 
km  southeast  of  Vernal,  Utah,  and  are  be- 
tween 1520  and  1850  m  above  sea  level.  The 
climate  of  the  area  is  semiarid,  with  annual 
precipitation  ranging  from  approximately 
230  to  280  mm.  Shallow  soils  (less  than  50  cm 
deep)  on  sloping  to  steep  upland  terraces  are 
light-colored,  moderately  calcareous  chan- 
nery  loams  and  channery  sandy  loams  (VTN 
Colorado,  Inc.  1977).  Deep  soils  (greater  than 
150  cm  deep)  in  drainage  areas  range  from 
light-colored,  moderately  sandy  or  channery 
loams  to  strongly  alkaline,  highly  saline, 


sandy  loams  (VTN  Colorado,  Inc.  1977). 
Sagebrush-greasewood  {Artemisia  tridentata 
Nutt.-Sarcobatus  vermiculatiis  (Hook.)  Torr.), 
shadscale  {Atriplex  confertifolia  (Torr.  and 
Frem)  Wats.),  juniper  {Jiiniperiis  osteosperma 
(Torr.)  Little),  and  riparian  vegetation  types 
are  found  on  tracts  Ua  and  Ub  (VTN  Colo- 
rado, Inc.  1977).  Atriplex  canescens  is  found 
in  all  four  vegetation  types. 

The  Anvil  Points  Oil  Shale  Research  Facil- 
ity is  11.2  km  west  of  Rifle,  Colorado,  and 
approximately  130  km  southeast  of  tracts  Ua 
and  Ub  in  Utah.  In  1975,  a  55  x  122  m  open 
area  was  filled  with  Paraho  processed  shale 
(maximum  particle  size  of  3.8  to  6.5  cm)  to  a 
depth  of  2.7  m  (U.S.  Dept.  of  Interior  1976). 
In  1978  two  50  cm-deep,  v-shaped  parallel 
trenches  were  constructed  across  the  width  of 
the  shale  pile  and  filled  with  a  disturbed 
channery  loam  (Soil  Conservation  Service 
1980),  obtained  adjacent  to  the  site.  The 
study  site  is  1722  m  above  sea  level.  The  cli- 
mate of  the  area  is  semiarid,  with  annual  pre- 
cipitation averaging  305  to  357  mm  (Harbert 
and  Berg  1974).  The  surrounding  vegetation 
is  the  low  elevation  pinyon-juniper  [Finns 
ediilis  Engelm.-Juniperus  osteosperma  (Torr.) 
Little)  woodland  type  (Ward  et  al.  1974). 

Methods 

Isolation  and  Culture  of  Inoculum 

During  September  1977  5-kg  soil  samples 
were  collected  beneath  three  individuals  of 
A.  canescens  on  tracts  Ua  and  Ub.  Soil  sam- 
ples were  maintained  at  4  C  until  the  time  of 
processing  a  few  days  later.  Spores  of  VAM 
fungi  were  collected  from  the  soil  using  a 
wet-sieving  and  decanting  technique  (Gerde- 
mann  and  Nicolson  1963),  and  identified  ac- 
cording to  the  taxonomic  interpretations  of 
Gerdemann  and  Trappe  (1974).  The  two 
spore  types  most  commonly  observed  in  the 
wet-sieved  soil  were  identified  as  Glomus 
fasciculatus  (Thaxt.  sensu  Gerd.)  Gerdemann 
and  Trappe,  and  Glomus  mossae  (Nicol.  and 
Gerd.)  Gerdemann  and  Trappe.  Spores  of  G. 
fasciculatus  were  more  abundant  than  spores 
of  G.  mosseae.  Spores  of  both  species  were 
surface-sterilized  in  0.05%  sodium  hypochlo- 
rite for  10  minutes  and  rinsed  three  times  in 
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distilled  water  prior  to  being  introduced  as  a 
mixture  into  pot  cultures. 

Initial  pot  cultures  were  established  in  sur- 
face-sterilized 14  cm  plastic  pots  in  the 
greenhouse.  Approximately  75  to  100  sur- 
face-sterilized spores  were  pipetted  in  a  layer 
within  a  sand-soil  medium  (2:1,  v/v)  that  had 
been  steam  sterilized  for  two  hours  on  each 
of  two  consecutive  days.  Seeds  of  sudangrass 
{Sorghum  vulgare  Pers.)  were  surface  ster- 
ilized for  10  minutes  in  0.5%  sodium  hy- 
pochlorite, rinsed  three  times  in  distilled  wa- 
ter, and  then  placed  on  the  surface  of 
inoculated  pot  culture  medium  and  covered 
with  a  2  cm  layer  of  sterilized  sand-soil  me- 
dium. Pot  cultures  were  fertilized  with  250 
ml  per  pot  of  water-soluble  fertilizer  (172 
ppm  N,  75  ppm  P,  and  160  ppm  K)  once 
every  month  and  watered  sparingly  by  hand. 
Supplemental  flourescent  lighting  was  used 
to  extend  the  day  length  to  16  hours.  After 
four  months,  aboveground  portions  of  the 
host  plants  were  removed  and  discarded,  and 
the  pot  culture  medium  was  mixed  and  used 
to  inoculate  the  plant  growth  medium  for 
container-grown  plants. 

Inoculation  of  Experimental  Plants 

Approximately  250  cc  of  pot  culture  in- 
oculum, containing  propagules  (spores,  in- 
fected rootlets)  of  G.  fasciculatus  and  G. 
mosseae,  were  placed  in  two  layers  within 
container  medium  (peat  moss-perlite-sand- 
soil,  1:1:2:4,  v/v;  steam  sterilized  for  two 
hours  on  each  of  two  consecutive  days)  in  5 
X  5  X  25  cm,  paraffin-coated,  paperboard 
containers.  Surface-sterilized  seeds  (same 
treatment  as  used  for  sudangrass  seeds)  of  A. 
canescens  were  placed  in  inoculated  and 
noninoculated  containers,  and  after  devel- 
opment of  the  first  set  of  true  leaves,  seed- 
lings were  thinned  to  one  plant  per  contain- 
er. Noninoculated  seedlings  were  initially 
watered  with  a  leachate  from  the  pot  culture 
inoculum  to  introduce  soil  microorganisms 
other  than  VAM  fungi.  Inoculated  and  non- 
inoculated A.  canescens  seedlings  were  then 
fertilized  in  the  same  manner  as  S.  vulgare 
plants  and  watered  sparingly  by  hand.  Sup- 
plemental flourescent  lighting  was  used  to 
extend  day-length  to  16  hours.  Plants  were 


hardened-off  over  a  two-week  period  outside 
the  greenhouse. 

Inoculated  and  noninoculated  plants  were 
assessed  for  mycorrhizal  development  prior 
to  transplanting  and  at  the  termination  of  the 
experiment.  Root  samples  were  cleaned  of 
debris,  cut  into  1-cm  segments,  cleaned  in 
10%  KOH,  and  stained  in  .05%  trypan-blue  in 
lacto-phenol  (Phillips  and  Hayman  1970). 
Stained  root  segments  were  mounted  in  clear 
lacto-phenol  and  examined  under  a  com- 
pound microscope  at  140X  for  the  presence 
or  absence  of  VAM  infection.  A  root  segment 
was  considered  infected  if  it  contained  arbus- 
cules,  vesicles,  or  peletons,  or  any  com- 
bination of  the  three.  Percentage  infection 
for  a  plant  was  calculated  as  the  number  of 
segments  with  any  infection  out  of  a  random 
sample  of  100  segments. 

Experimental  Procedures 

Inoculated  and  noninoculated  plants,  rang- 
ing in  height  from  15  to  17  cm,  were  out- 
planted  5  June  1979  on  processed  shale  and 
disturbed  soil  at  the  Anvil  Points  site.  The 
split-plot  design  had  five  plants  per  treat- 
ment. Screen-caged,  single  junction,  thermo- 
couple psycrometers  (J.  D.  R.  Merrill  Special- 
ty Equipment  Co.,  Logan,  Utah)  were  placed 
beneath  each  plant  at  a  depth  of  30  cm  (ap- 
proximately 5  cm  below  each  soil  plug)  to 
measure  soil /shale  water  potentials.  Plants  in 
every  treatment  were  fertilized  with  34 
kg/ha  N  as  NH4NO3  (granular  34-0-0)  and  34 
kg/ha  P  as  Ca(H2P04)2-H20  (granular  0-46-0) 
and  given  1  /  of  water.  Plant  height  and 
soil/ shale  water  potentials  were  recorded  at 
approximately  three-week  intervals  during 
the  two  growing  seasons.  A  Wescor  HR-33T 
Dew  Point  Microvoltmeter  (Wescor,  Inc., 
Logan,  Utah)  was  used  to  measure  the  micro- 
volt output  of  each  psychrometer  after  a  15- 
second  cooling  period.  All  readings  were 
taken  at  dawn. 

Plant  water  potentials  were  also  measured 
at  three-week  intervals  during  the  second 
growing  season.  Salt  accumulation  on  the  ex- 
ternal leaf  surface  of  A.  canescens  made  it 
impossible  to  accurately  measure  plant  water 
potential  by  psychrometric  techniques. 
Therefore,  plant  water  potential  was  mea- 
sured with  a  pressure  bomb  (Soil  Moisture 
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Equip.  Corp.,  Santa  Barbara,  California)  us- 
ing the  method  of  Waring  and  Cleary  (1967). 
Cut  stem  tips  (about  10  cm  long),  from  the 
same  approximate  location  on  each  plant, 
were  placed  in  a  pressure  bomb  and  pressure 
was  applied  until  sap  first  appeared  at  the 
cut  end.  All  readings  were  taken  at  dawn. 

Survival  was  measured  in  September  of  the 
first  growing  season  (1979)  and  in  June  and 
September  of  the  second  growing  season 
(1980).  Plant  cover  was  measured  with  a  .25 
m-  quadrat  prior  to  excavating  plants  from 
the  soil  and  processed  shale.  Following  exca- 
vation, aboveground  biomass  was  dried  at  80 
C  for  48  hours,  weighed,  ground  in  a 
Thomas- Wiley  mill  (1  mm  mesh  screen),  and 
digested  according  to  the  method  of  Chap- 
man and  Pratt  1961).  Phosphorus  content  of 
digested  biomass  was  determined  by  atomic 
absorption  spectrophotometry  (Chapman  and 
Pratt  1961)  and  total  N  content  was  deter- 
mined by  a  modified  Kjeldahl  method  (Horo- 
witz 1965). 

Samples  of  Paraho  processed  oil  shale  and 
disturbed  native  soil  from  the  Anvil  Points 
field  site  were  analyzed  for  texture,  pH,  elec- 
trical conductivity,  phosphorus,  nitrate-nitro- 
gen, potassium,  sodium,  calcium,  and  magne- 
sium by  the  Soil  Analysis  Laboratory  at  Utah 
State  University  (Table  1). 

Statistical  Interpretations 

Analysis  of  variance  was  used  to  determine 
the  statistical  significance  (P  <  0.05)  of  data 
from  the  split-plot  field  experiment.  The 
least  significant  difference  (LSD)  test  was  ap- 
plied to  field  data  to  determine  significant 
differences  (P  <  0.05)  in  aboveground  bio- 
mass, plant  height,  plant  cover,  and  percent 
P  and  percent  N  of  shoot  material,  and  signif- 
icant differences  in  soil /shale  water  poten- 
tials and  plant  water  potentials  between  in- 


culation  treatments  and  media  treatments  for 
each  sampling  date.  Only  the  main  effects 
(inoculation  method  and  media  type)  were 
statistically  significant  at  an  acceptable  level 
(P  <  0.05).  As  a  result,  the  analysis  of  differ- 
ences among  inoculation  treatments  were 
summed   across   media   treatments  and   vice 


Results  and  Discussion 
Plant  Growth  Responses 

After  two  growing  seasons  in  the  field, 
aboveground  biomass,  height,  and  cover  of 
plants  inoculated  with  VAM  fungi  were  re- 
spectively 2.5,  1.8,  and  2.2  times  greater  than 
those  of  noninoculated  controls  (Table  2). 
Significant  differences  were  also  observed  be- 
tween plants  growing  in  disturbed  soil  and 
processed  shale.  Aboveground  biomass, 
height,  and  cover  of  plants  growing  in  soil 
were  respectively  2.2,  1.8,  and  1.8  times 
greater  than  those  of  plants  growing  in  pro- 
cessed shale  (Table  2).  The  low  production  of 
aboveground  biomass  and  the  small  increase 
in  height  of  plants  in  processed  shale  can  be 
primarily  attributed  to  the  low  water-holding 
capability,  high  EC,  high  pH,  and  general 
nutrient  deficiency  of  the  spent  shale. 

The  growth  responses  observed  in  this  ex- 
periment were  similar  to  those  of  Williams  et 
al.  (1974)  and  Aldon  (1978),  who  investigated 
the  effects  of  VAM  on  the  growth  of  A.  can- 
escens  in  soil  and  coal  mine  spoil  material  in 
New  Mexico.  In  field  and  greenhouse  studies, 
plants  inoculated  with  Glomus  mosseae  had 
greater  aboveground  biomass  in  soil  (Wil- 
liams et  al.  1974)  and  greater  height  and  cov- 
er in  coal  mine  spoil  material  (Aldon  1978) 
than  noninoculated  controls. 

There  were  no  differences  in  survival  rates 
between  inoculated  and  noninoculated  plants 


Table  1.  A  comparison  of  physical  and  chemical  properties  of  Paraho  processed  shale  and  native  soil  from  the 
study  site  at  Anvil  Points,  Colorado. 


Texture 

PH° 

ECe" 

mmhos/cm 

meq// 

ppm 

Nat 

Ca4-Mgt 

Pt 

NO3- 

Kt 

Paraho  Colorado  shale 
Disturbed  native  soil 

Silty  gravel 
Channery  loam 

8.6 
7.9 

8.0 
6.7 

52.2 
67.4 

92..3 
26.5 

3.8 
3.1 

2.2 

8.7 

293 
80 

°  Based  on  saturated  paste 
°°  Based  on  saturation  extract 
tAminonium  acetate  extractable 
JSodinni  bicarbonate  extractable 
"Phenodisulfonic  acid  extractable 
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in  both  types  of  media.  All  treatments  had 
survival  rates  of  100  percent  due  in  part  to 
the  favorable  field  conditions.  In  the  25-day 
period  following  field  outplanting  on  5  June 
1979,  A.  canescens  transplants  received  11.7 
mm  of  precipitation.  This  precipitation,  in 
addition  to  the  1  /  of  supplemental  water  ap- 
plied at  the  time  of  outplanting,  may  have 
overshadowed  the  effects  of  VAM  in  reduc- 
ing transplant  shock. 

Nutritional  Status 

Plants  inoculated  with  VAM  fungi  had  sig- 
nificantly higher  P  contents  and  slightly  high- 
er N  contents  than  noninoculated  controls 
(Table  2).  Plants  growing  in  disturbed  soil 
had  slightly  higher  P  contents  and  signifi- 
cantly higher  N  contents  than  plants  growing 
in  processed  shale  (Table  2). 

Soils  and  spoils  such  as  those  derived  from 
shales  in  northeastern  Utah  and  northwestern 
Colorado  are  usually  deficient  in  plant-avail- 
able P  (Bauer  et  al.  1978).  Increased  growth 
associated  with  mycorrhizal  infection  in  nu- 
trient-deficient soils  and  spoils  has  been  attri- 
buted to  enhanced  nutrient  uptake,  espe- 
cially the  uptake  of  P  (Aldon  1978,  Daft  and 
Nicolson  1966,  Gerdemann  1975).  Fungal 
hyphae  extending  from  mycorrhizal  roots 
compensate  for  deficiencies  of  immobile  ions 
such  as  phosphate  by  exploring  a  greater  vol- 
ume of  soil  than  roots  alone,  and  by  present- 
ing a  greater  surface  area  for  phosphate  up- 
take   (Gerdemann    1975).    In    addition    to 


Table  2.  Biomass,  height,  cover,  and  P  and  N  con- 
tents of  aboveground  plant  material  after  two  growing 
seasons  in  the  field  for  inoculated  and  noninoculated  A. 
canescens  plants  grown  in  processed  shale  and  disturbed 
soil." 


Inoculation"  ° 

Media 

oo 

-t-MJ 

-MJ 

Soil 

Shale 

Shoot 

biomass  (g) 

60.89a 

24.51b 

.58.89e 

26.59f 

Height  (cm)t 

33.50a 

18.50b 

.33.35e 

18.65f 

Cover  (cm^) 

1192a 

552b 

1125e 

620f 

P(%) 

0.095a 

0.071b 

0.089e 

0.076e 

N  (%) 

1.76a 

1.71a 

1.97e 

1.51f 

"Values  are  means  of  five  replicates. 

°°  Means  in  the  same  row  followed  by  the  same  letter  are  not  significantly 

different  at  the  0.05  level. 

J  +  M    =   inoculation  with  mycorrhizal  fimgi,  and  -M    =   no  inoculation 

with  mycorrhizal  hmgi. 

tValues  represent  increases  in  plant  height  above  a  base  height  of  15  to  17 

em  at  time  of  transplanting. 


increasing  the  surface  area  of  infected  roots, 
VAM  fungi  take  up  phosphate  much  more 
rapidly  than  nonmycorrhizal  roots  and  trans- 
fer it  rapidly  to  the  host  plant  via  the  rela- 
tively large  surface  area  of  the  arbuscules 
(Bowen  et  al.  1975). 

The  forms  and  amounts  of  N  that  are  avail- 
able on  a  seasonal  basis  to  plants  in  arid  and 
semiarid  environments  have  not  been  satis- 
factorily documented  (Wallace  et  al.  1978). 
Some  studies  indicate  that  NO3  is  the  major 
form  of  N  taken  up  and  assimilated  by  sever- 
al salt  desert  shrub  species  under  greenhou.se 
conditions  (Institute  for  Land  Rehabilitation 
1979)  and  field  conditions  (Wallace  1978). 
Nitrate  moves  to  the  root  by  mass  flow  under 
most  conditions.  Where  the  transfer  of  ions  is 
rapid  as  in  mass  flow,  uptake  will  be  limited 
mainly  by  the  absorbing  capacity  of  the  root 
and  VAM  (Bowen  and  Smith  1981).  As  a  re- 
sult, hyphal  proliferation  from  mycorrhizal 
roots  may  have  less  effect  on  the  uptake  of 
NO3  than  on  the  uptake  of  P. 

Soil/Shale  and  Plant  Water  Relations 

During  the  first  growing  season  (1979)  of 
the  field  experiment,  soil/shale  water  poten- 
tials were  significantly  lower  under  mycor- 
rhizal transplants  than  under  nonmycorrhizal 
transplants  from  17  July  through  9  Septem- 
ber (Fig.  lA).  The  lower  water  potentials  in- 
dicate that  roots  from  mycorrhizal  tran.s- 
plants  may  have  grown  more  actively  into 
soil  and  processed  .shale  than  roots  from  non- 
mycorrhizal transplants  and  extracted  avail- 
able soil/ shale  moisture  near  the  psy- 
chrometers.  It  is  possible  that  the  roots  (and 
hyphae)  of  inoculated  plants  could  have 
reached  the  immediate  vicinity  of  the  psy- 
chrometers  (approximately  5  cm  away)  with- 
in a  month  after  outplanting  since  roots  of  a 
closely  related  species,  Atriplex  confertifolia, 
have  l3een  reported  to  grow  at  the  rate  of  ap- 
proximately 2  to  3  mm  per  day  during  June 
and  July  in  a  cool  desert  environment  (Fer- 
nandez and  Caldwell  1977).  Similar  trends  in 
soil/ shale  water  potentials  were  noted  for  in- 
oculation treatments  and  media  treatments 
during  the  second  growing  season  (1980) 
(Figs.  lA  and  IB). 

Soil /shale  water  potential  data  also  in- 
dicated that  processed  shale  was  a  more  lim- 
iting growth   medium   than  native  soil  in 
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Inoculation 


•  S/S-M 


O  S/S  +  M 


O    Shale 


O  P,  Shale 


6-24       7-17 

Date  1979 


6-5        6-29        7-9        7-23       8-11         9-3        9-16 

Date  1980 


Fig.  1.  Soil/shale  water  potentials  and  plant  water  potentials  during  two  field-growing  seasons  for  A.  canescenn: 
(A)  inoculated  two  ways  (S/S-M  =  soil/shale  water  potential  under  noninoculated  plants,  S/S-l-M  =  soil/shale 
water  potential  under  inoculated  plants,  P-M  =  water  potential  of  noninoculated  plants,  and  P-fM  =  water 
potential  of  inocidated  plants),  and  (B)  grown  in  processed  shale  and  disturbed  soil  (SOIL  =  soil  water  potential 
under  inoculated  and  noninoculated  plants,  SHALE  =  shale  water  potential  under  inoculated  and  noninocidated 
plants,  P,SOIL  =  water  potential  of  inoculated  and  noninoculated  plants  in  soil,  and  P,SHALE  =  water  potential  of 
inoculated  and  noninoculated  plants  in  shale). 


terms  of  water  relations  (Fig.  IB).  The  spent 
shale  had  a  higher  electrical  conductivity 
than  the  native  soil  (Table  1),  and  thus  the  os- 
motic potential  of  the  shale  solution  was 
more  negative  than  that  of  the  soil  solution. 
The  permeability  of  the  spent  shale  layer  was 
much  lower  than  that  for  the  disturbed  chan- 
nery  loam  in  the  trench.  Salts,  especially  Na, 
accumulated  at  the  surface  (EC^  of  540 
mmhos/cm;  McKell,  unpubl.  data)  via  capil- 
lary rise  and  destroyed  the  physical  structure 
of  the  spent  shale  by  dispersion  of  the  fine 
particles  (Striffler  et  al.    1974).  The  per- 


meability of  the  spent  shale  surface  was  fur- 
ther reduced  when  crusting  occurred  as  the 
shale  dried. 

Plant  water  potentials  followed  the  sea- 
sonal progression  of  soil/shale  water  poten- 
tials during  the  second  growing  season  (Figs. 
lA  and  IB).  Plant  water  potentials  were  sig- 
nificantly lower  for  mycorrhizal  plants  than 
nonmycorrhizal  controls  for  all  sampling 
dates  except  11  August  (Fig.  3A).  Mycorrhi- 
zal plants  had  greater  leaf  surface  area  for 
transpirational  loss,  and  thus  developed 
steeper   gradients   in   water   potential    (from 
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leaf  to  soil)  than  nonmycorrhizal  plants.  Dif- 
ferences in  aboveground  bioniass  may  not 
completely  account  for  higher  transpiration 
rates  in  A.  canescens  plants  inoculated  with 
VAM  fimgi.  In  a  study  involving  similarly 
sized,  8-month-old,  mycorrhizal  and  non- 
mycorrhizal rough  lemon  {Citrus  jambhiri 
Lush.)  seedlings.  Levy  and  Krikun  (1980) 
found  that  mycorrhizal  plants  had  slightly 
higher  transpiration  flux  densities  and  sto- 
matal  conductance  than  nonmycorrhizal 
plants  during  a  four-day  period  of  imposed 
water  stress  and  a  four-day  recovery  period 
following  rewatering.  In  that  study  (Levy  and 
Krikun  1980),  as  in  another  (Allen  et  al.  1981) 
with  blue  grama  {Boutelotia  gracilis  (H.B.K.) 
Lag.  ex  Steud.),  the  influence  of  the  mycor- 
rhizal association  on  plant  water  relations 
was  attributed,  in  part,  to  changes  in  phyto- 
hormone  levels. 

Several  investigators  have  studied  the 
plant-soil  water  relations  of  Atriplex  species 
in  the  greenhouse  and  in  their  native  cool 
desert  environments.  Richardson  and  McKell 
(1980)  demonstrated  that  A.  canescens,  grow- 
ing in  processed  oil  shale  in  the  greenhouse, 
was  able  to  adjust  osmotic  potentials  so  as  to 
maintain  positive  turgor  at  plant  water  po- 
tentials exceeding  -4.0  MPa.  Near  Federal 
Oil  Shale  Lease  Tracts  Ua  and  Ub  in  north- 
eastern Utah,  Barker  (1978)  observed  measur- 
able shoot  growth  for  one-year-old  container- 
grown  transplants  of  A.  canescens  growing  in 
soil  with  a  water  potential  of  -2.2  MPa  at  a 
depth  of  30  cm.  Love  and  West  (1972)  mea- 
sured plant  water  potentials  of  up  to  -8.0 
MPa  in  A.  confertifolia  in  northern  Utah  dur- 
ing July  and  August.  During  July  and  August 
in  the  same  area,  other  investigators  working 
with  A.  confertifolia  observed  measurable 
root  growth  at  -8.0  MPa  soil  water  potential 
at  a  depth  of  40  cm  (Fernandez  and  Caldwell 
1977),  and  positive  net  photosynthesis  at 
plant  water  potentials  exceeding  -9.0  MPa 
(White  1976).  These  studies  indicate  that  A. 
canescens  plants  outplanted  in  this  study 
were  well  within  their  limits,  and  thus  the  ef- 
fect of  VAM  on  drought  tolerance  may  not 
have  been  expressed  fully  or  at  all.  However, 
VAM  may  have  permitted  greater  root  exten- 
sion and  use  of  available  water  during  the  es- 
tablishment of  these  transplants. 


Mycorrhizal  Development 

The  extent  of  mycorrhizal  infection  is  of 
importance  when  studying  the  influence  of 
VAM  on  the  host  plant.  After  two  growing 
seasons  in  the  field,  the  infection  percentage 
of  inoculated  plants  decreased  from  13.0  at 
outplanting  to  9.8  in  disturbed  soil  and  3.8  in 
processed  shale.  Only  0.8  percent  of  the  root 
segments  examined  from  nonmycorrhizal 
controls  growing  in  disturbed  soil  showed 
evidence  of  infection.  Nonmycorrhizal 
fourwing  saltbush  plants  in  processed  shale 
showed  no  signs  of  infection.  Difficulty  was 
encountered  during  the  excavation  of  roots, 
particularly  fine  root  elements,  from  the  pro- 
cessed shale  pile  and  the  soil  trench.  Fine 
root  elements  constitute  the  major  portion  of 
mycorrhizal  roots  on  native  shrub  species 
(Staffeldt  and  Vogt  1975)  and,  hence,  in- 
fection percentages  may  have  been 
underestimated. 

Water-soluble,  retorted  oil  shale  con- 
stituents probably  contributed  to  the  decline 
in  infection  of  inoculated  plants  growing  in 
processed  shale.  Hersman  and  Klein  (1979) 
demonstrated  that  the  addition  of  25%  pro- 
cessed shale  to  topsoil  caused  significant  de- 
creases in  fungal  populations  and  soil  micro- 
bial activities.  In  another  study  (DeVore  and 
Christensen  1979),  root  microfungi  numbers 
were  significantly  reduced  after  in  situ  oil 
shale  process  water  was  applied  to  Artemisia 
tridentata  plots.  However,  a  fairly  diverse 
microflora  survived  four  months  after  the  ap- 
plication of  the  process  water. 

Even  with  low  infection  percentages,  in- 
oculated plants  still  displayed  positive 
growth  responses.  High  infection  may  not  be 
a  prerequisite  for  growth  response  in  all 
plants  inoculated  with  VAM  fungi.  Abundant 
VAM  can  be  present  with  no  subsequent  de- 
tectable growth  difference  and,  conversely,  a 
low  infection  level  can  sometimes  induce 
marked  growth  stimulation  (Daft  and  Nicol- 
son  1966). 

We  conclude  that  VAM  help  make  pro- 
cessed oil  shale  a  more  tractable  medium  for 
the  establishment  of  plants  representative  of 
later  successional  stages  by  allowing  these 
plants  to  make  effective  use  of  the  natural  re- 
sources that  are  limiting  under  conditions  of 
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high  stress.  The  success  of  reestablishing  a  di- 
verse, functional  plant  community  that  is  ca- 
pable of  long-term  stability  without  contin- 
ued inputs  of  water  and  fertilizer  may 
depend,  in  part,  on  success  in  the  reinocula- 
tion  and  manipulation  of  essential  micro- 
organisms (including  VAM  fungi)  in  the  ini- 
tially sterile  shale. 
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NYMPHS  OF  NORTH  AMERICAN  PERLODINAE  GENERA 
(PLECOPTERA:  PERLODIDAE)' 


Kenneth  VV.  Stewart-  and  Bill  P.  Stark' 


Abstract.—  Nymphs  of  the  type  or  other  representative  species  of  the  22  North  American  Perlodinae  genera  are 
comparatively  described  and  illustrated  for  the  first  time.  The  first  complete  generic  key  for  the  subfamily 
incorporates  recent  nymph  discoveries  and  revisions  in  classification.  References  to  all  previous  nymph  descriptions 
and  illustrations  and  major  life  cycle  and  food  habits  studies  are  given  for  the  53  North  American  species  in  the 
subfamilv,  and  a  listing  of  species  and  their  current  distributions  by  states  and  provinces  is  provided  for  each  genus. 
The  previously  unknown  nymph  of  Chcrnokrihts  misnomus  is  described  and  illustrated. 


Ricker  (1952)  provided  the  first  com- 
prehensive study  of  the  stonefly  family  Per- 
lodidae,  based  largely  on  adult  genitalia  and 
mesostemal  characters,  and  on  gills,  meso- 
stemae,  and  mouthparts  of  known  nymphs. 
He  recognized  three  subfamilies,  Isogeninae, 
Isoperlinae,  and  Perlodinae.  Stark  and 
Szczytko  (1984)  discussed  the  subsequent  dis- 
parate classifications  of  the  family  by  Zwick 
(1973)  and  Ricker  and  Scudder  (1975),  and, 
based  upon  a  comprehensive  SEM  study  of 
eggs  of  world  genera:  (1)  reaffirmed  Zwick's 
recognition  of  only  two  subfamilies,  Isoper- 
linae and  Perlodinae,  and  (2)  recognized 
three  tribes  of  the  Perlodinae,  Aroynoptery- 
gini,  Diploperlini,  and  Perlodini,  containing 
36  genera. 

The  nymphs  of  Perlodidae  have  remained 
relatively  poorly  known  and/or  incompletely 
described  and  illustrated,  and  therefore  have 
not  been  comparatively  studied.  Ricker 
(1952)  included  notes  on  nymphal  mouth- 
parts,  mesosternae,  and  gills,  and  a  few  illus- 


trations of  mouthparts  (four  genera),  and  his 
subsequent  illustrated  key  to  nymphs  (Ricker 
1959)  utilized  essentially  those  same  charac- 
ters. However,  those  papers  are  now  in- 
complete since  they  did  not  include  nymphs 
of  the  currently  recognized  genera  Calliperla 
Banks,  Cascadoperla  Szczytko  &  Stewart, 
Clioperla  Needham  &  Claassen,  Chernokrilus 
Ricker,  and  Oconoperla  Stark  &  Stewart. 
Nymphs  of  Osobenus  yakamae  (Hoppe)  and 
Rickera  sorpta  (Needham  &  Claassen)  [=  ve- 
nusta  Jewett]  were  briefly  described  by  Jew- 
ett  (1955)  and  included  in  Bicker's  (1959) 
key.  Calliperla  and  Chernokrilus  nymphs 
have  remained  unknown,  and,  at  the  time  of 
the  two  definitive  Ricker  papers  (1952, 
1959),  Cascadoperla  (Szczytko  &  Stewart 
1979)  and  Clioperla  (Szczytko  &  Stewart 
1981)  were  included  in  the  Isoperla,  and 
Oconoperla  (Stark  &  Stewart  1982)  had  not 
been  discovered.  Szczytko  and  Stewart 
(1984b)  described  the  nymph  of  Calliperla 
luctuosa   (Banks),   and   the   poorly   known 
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nymph  of  Rickera  sorpta  (Needham  &  Claas- 
sen).  Based  upon  study  of  all  life  stages,  they 
moved  the  genus  Rickera  from  Isoperlinae  to 
Perlodinae,  and  recognized  seven  genera  in 
the  Isoperlinae  {Rulgaroperla,  Calliperla,  Cas- 
cadoperla,  Cliaperla,  Isoperla,  Kaszabia,  and 
Mesoperlina).  Shepard  and  Stewart  (1983)  de- 
scribed the  nymphal  gills  of  all  current  Per- 
lodidae  generic  types  except  Chernokrilus, 
which  is  gill-less  (see  description  below). 

Our  objective  in  this  study  was  to  provide 
an  updated  account  of  nymphs  of  the  22 
North  American  Perlodinae  genera,  utilizing 
recent  nymph  discoveries  and  revisions  in 
classification.  The  first  complete  generic  key 
that  follows  is  therefore  based  upon  our  study 
of  known  nymphs.  The  comparative  descrip- 
tions and  illustrations  under  each  genus  are 
based  upon  nymphs  of  the  type  species,  ex- 
cept in  Cultus  Ricker  and  Isogenoides 
Klapalek,  where  good  correlated  nymphs  of 
the  type  species  were  unavailable,  and  Diura 
Billberg  and  Megarcys  Klapalek,  whose  types 
are  distributed  outside  North  America.  In 
these  four  instances,  common  North  Ameri- 
can species  whose  nymphs  were  considered 
representative  of  the  genus  were  used.  This 
approach  provides  a  complete  treatment  of 
nymphs  of  the  9  monospecific  genera,  and  a 
useful  morphological  baseline  for  the  eventu- 
al exhaustive  study  and  analyses  of  nymphs  of 
all  species  in  the  remaining  13  genera.  The 
only  comparative  studies  of  all  nymphs  in  a 
genus  have  been  for  Diphperla  (Kondratieff 
et  al.  1981),  Helopicus  (Stark  &  Ray  1983), 
and  Hydroperla  (Ray  &  Stark  1981).  Accounts 
of  each  genus  below  also  include:  (1)  refer- 
ences to  all  previous  descriptions  of  North 
American  nymphs  in  each  genus  and  major 
life  cycle  and  food  habits  studies,  and  (2)  a 
list  of  current  North  American  species  and 
their  known  distributions  by  states  and  pro- 
vinces. We  began  collecting  and  rearing 
nymphs  of  Perlodidae  in  1978,  giving  par- 


ticular attention  to  those  that  were  unknown, 
rare,  and  inadequately  described  and  illus- 
trated. The  collection  of  correlated  nymphal 
study  material  necessary  for  this  undertaking 
was  successfully  completed  in  early  1983. 

Materials  and  Methods 

Mature  nymphs  of  type  species  and  others 
were  correlated  by  one  or  more  of  the  fol- 
lowing methods:  (1)  reared  in  styrofoam  con- 
tainers in  the  field  (Szczytko  &  Stewart 
1979),  (2)  transported  on  ice  in  styrofoam 
containers  by  auto  or  aircraft  then  reared  in 
an  environmental  chamber  or  living  stream 
at  simulated  stream  temperatures,  or  (3) 
heated  gently  in  a  10%  KOH  solution  and 
nymphal  cuticle  removed  to  reveal  under- 
lying adult  genitalia. 

Extracted  mouthparts  were  prepared  for 
SEM  study  (Stark  &  Stewart  1981)  and  pho- 
tographed using  an  AMR  1000  scanning  elec- 
tron microscope  at  the  University  of  Mis- 
sissippi Dental  School.  Drawings  were  then 
made  of  mandibles  and  maxillae  from  the 
SEMs,  making  sure  that  setation  and  other  il- 
lustrated characters  could  be  seen  with  a 
stereo  dissecting  microscope.  Nymphs  were 
studied  under  a  Wild  M-5A  stereo- 
microscope,  and  gills,  front  legs,  mesosternae, 
abdominal  venters,  and  cerci  were  drawn  us- 
ing a  Wild  Drawing  Attachment.  Head-pro- 
notal  patterns  were  prepared  on 
stippleboard,  and  carbon  dust  habitus  draw- 
ings were  prepared  from  our  pencil  sketches. 

Key  to  Subfamilies  of  Mature 
North  American  Perlodidae  Nymphs 

There  are  no  known  characters  that  uni- 
formly separate  nymphs  of  Isoperlinae  from 
Perlodinae;  however,  the  following  key 
should  be  helpful. 


1.  Gills  absent;  lacinia  bidentate  (except  in  few  eastern  Isoperla  species)  and  sometimes 
quadrate  in  shape;  abdomen  of  Calliperla,  Cascadoperla  and  most  Isoperla  with  dark, 
longitudinal  stripes Isoperlinae 

—  Combinations  of  submental,  cervical,  and  thoracic  gills  present  or  absent;  lacinia 
unidentate  or  bidentate  and  triangulate  in  shape;  Ab  without  longitudinal  stripes 
(except  Osobenus)  Perlodinae 
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Key  to  the  22  Genera  of  latitudes  of  the  continent);  WNA— Western 
North  American  Perlodinae  Nymphs  North  America  (Rocky  Mountains,  west- 
Geographic  range  of  each  genus  is  in-  ^^rd);  ENA-Eastern  North  America  (Mis- 
dicated  by  the  following  coded  abbreviations  sissippi  Valley,  eastward);  PNW-Pacific 
(after  Baumann  1976);  PNA-Pan-North  Northwest;  SW-Southwest;  IW-Inter- 
America  (widely  distributed  eastern  and  mountain  West;  NE-Northeast;  SE- 
westem);  ANA-Amphi-North  America  (dis-  Southeast. 

tinct  eastern  and  western  populations,  usually  Illustrated  characters  referenced  in  the  key 

in  northern  latitudes);  NNA— Northern  North  are  indicated  by  arrows  on  appropriate  Figs. 

America  (distributed  widely  across  northern  1-22. 

1.  Gills  present  on  2  or  more  thoracic  segments  (Figs  12  F,  E,  14  D,  F)  2 

—  Gills  absent  from  thoracic  segments  5 

2.  Prothoracic  gills  present  (Figs.  12  F,  16  F)  3 

—  Prothoracic  gills  absent  (Fig.  20  F) Setvena 

3.  Lateral  abdominal  gills  present  on  segments  1-7  (Fig.  14  D)  Oroperla 

—  Abdominal  gills  absent 4 

4.  Anterior  prothoracic  gills  (appearing  as  cervical)  present,  in  addition  to  anterior 
supracoxal  gills  (Fig.  16  F)  Perlinodes 

—  Prothorax  with  only  anterior  supracoxal  gills  (Fig.  12  E) Megarcys 

5.  Lacinia  unidentate  (Figs.  IOC,  18  C,  19  B)  6 

—  Lacinia  bidentate  (Fig.  1  B)  8 

6.  Lacinia  broad  basally,  abruptly  narrowed  into  a  long,  terminal  spine  (Fig.  18  C): 
mature  nymph  <  10  mm;  ENA  Remenus 

—  Lacinia  gradually  narrowed  from  base  to  terminal  spine  (Figs.  10  C,  19  B);  mature 
nymph  >  15  mm;  WNA  7 

7.  Mesostemal  furcal  pits  connected  by  transverse  anterior  suture  (Fig.  19  E);  PNW    Rickera 

—  Mesostemal  furcal  pits  without  transverse  anterior  connecting  suture  (Fig.  10  E) 
WNA Kogotus 

8.  Femora  and  tibia  with  long  setal  fringe;  (Figs.  1  D,  3  D)  posterolateral  margins  of 
pronotum  smoothly  rounded  (Fig.  1  A)  9 

—  Femora  and  tibia  without  long  setal  fringe  (Fig.  13  D);  posterolateral  margins  of 
pronotum  notched  (Fig.  13  A);  SE Oconoperla 

9.  Mesostemum  with  median  longitudinal  suture  connecting  fork  of  Y-arms  with  a 
transverse  suture  (Fig.  9  F)  Isogenoides 

—  Mesostemum  without  such  median  longitudinal  suture  '. 10 

10.  Occiput  and/ or  anterolateral  prothoracic  margins  with  row  of  short,  stout  setae 
(Figs.  1  A,  2  A)  11 

—  Occiput  and/ or  anterolateral  prothoracic  margins  without  row  of  short,  stout  setae;  a 

few  long  setae  may  be  present  (Figs.  3  A,  15  A) 20 

11.  Mesostemal  Y-arms  meet  or  approach  anterior  corners  of  furcal  pits  (Figs.  1  F,  6  F, 

21  F);  mandibles  deeply  cleft  (Figs.  1  C,  6  B)  12 

—  Mesostemal  Y-arms  meet  or  approach  posterior  corners  of  furcal  pits  (Figs.  2  E,  11  F, 

17  F);  mandibles  not  deeply  cleft  (Figs.  2  B,  11  B,  17  B) 14 

12.  Apical  lacinial  tooth  short,  much  less  than  ^/6  total  outer  lacinial  length  (Fig.  6  C); 
ventral  submarginal  lacinial  setae  extending  well  onto  apical  tooth  as  a  close-set 

row  (Fig.  6  C);  WNA  Frisonia 
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—  Apical  lacinial  tooth  long,  greater  than  V3  total  outer  lacinial  length  (Figs.   1  B, 

21  C);  ventral  submarginal  lacinial  setae  end  at  inner  base  of  apical  tooth  (Figs. 

1  B,  21  C)  13 

13.  Inner  cusps  of  left  mandible  unserrated  (outermost  cusp  with  indistinct  inner  serra- 
tions) (Fig.  1  C)  and  serrations  usually  indiscernible  on  all  cusps  of  right  mandible; 
occipital  area  of  head  with  sinuate  spinule  row,  but  no  mesal,  long,  white,  silky 
hairs;  NNA  Arcynopteryx 

—  Some  inner  cusps  of  left  mandible  with  shallow,  indistinct  serrations  (Fig.  21  B)  and 
inner  serrations  distinct  on  outermost  cusp  of  both  mandibles;  mesal  tufts  of  long, 
white,  silky  hairs  usually  present  between  occipital  spinule  row  and  ecdysial  suture 
(Fig.  21  A);  WNA Skwala 

14.  Apical  lacinial  tooth  about  V2  total  outer  lacinial  length  (Figs.  15  C,  17  C)  15 

—  Ap  cal  lacinial  tooth  about  V3  or  less  total  outer  lacinial  length  (Figs.  8  C,  11  C)  16 

15.  Subapical  lacinial  tooth  V2  or  less  the  length  of  apical  tooth  (Fig.  2  C);  incomplete 
anterior  extensions  of  mesosternal  Y-arms  present  (Fig.  2  E);  cerci  unicolorous; 
PNW  Chernokrilus 

—  Subapical  lacinial  tooth  greater  than  V2  length  of  apical  tooth  (Fig.  17  C);  in- 
complete anterior  extensions  of  mesosternal  Y-arms  absent  (Fig.  17  F),  basal  cereal 
segments  yellow,  apical  V2  of  cerci  dark  brown  to  black;  WNA  Pictetiella 

16.  Ventral  lacinial  surface  with  basal  outer  patch  of  more  than  50  setae  (Fig.  11  C);  ab- 
dominal tergae  generally  with  less  than  10  short,  stout  intercalary  setae; 
ENA  Malirekus 

—  Ventral  lacinial  surface  without  basal  outer  patch  of  setae  (Figs.  5  C,  7  C)  or  with 
fewer  than  25  setae  (Figs.  8  C,  22  C);  abdominal  tergae  with  more  than  50  short 
stout,  intercalary  setae 17 

17.  Submental  gills  conspicuous,  projecting  portion  usually  2X  or  more  as  long  as  their 
basal  diameter  (Figs.  7  E,  8  E)  18 

—  Submental  gills  absent  or  barely  visible,  with  projecting  portion  no  longer  than  basal 
diameter  (posterolateral  lobe  of  submentum  sometimes  resembles  a  gill)  19 

18.  Transverse  dark  pigment  band  of  frons  interrupted  lateral  to  median  ocellus  by  cir- 
cular yellow  areas  (Fig.  8  A);  ventral  lacinial  surface  with  outer  patch  of 
approximately  10  setae  (Fig.  8  C);  right  mandible  with  4  teeth;  ENA Hydwperla 

—  Transverse  dark  pigment  band  of  frons  uninterrupted  by  enclosed  yellow  areas  (Fig. 
7  A);  ventral  lacinial  surface  without  outer  patch  of  setae  (Fig.  7  C);  right  mandible 
with  5  teeth;  ENA  Helopicus 

19.  Marginal  lacinial  setal  row  extending  from  near  subapical  tooth  to  near  base  (Fig. 

22  C);  labnnn  with  yellow  longitudinal  mesal  band;  submental  gills  very  short  if 
present;  ENA  Yugus 

—  Marginal  lacinial  setal  row  restricted  to  apical  half  (Fig.  5  C);  labrum  without 
longitudinal  band;  submental  gills  absent;  ANA  Diura 

20.  Abdomen  with  2  broad  dark  longitudinal  bands  (Fig.  15  K);  Y-arms  of  mesosternum 
meet  anterior  corners  of  furcal  pits  (Fig.  15  E);  PNW Osobenus 

—  Abdomen  without  longitudinal  dark  bands;  Y-arms  of  mesosternum  meet  posterior 
comers  of  furcal  pits  or  poorly  developed  (Figs.  3  E,  4  E)  21 

21.  Mesosternal  Y  with  basal  stem  and  fork  (Fig.  3  E) Cultus 

—  Mesosternal  Y  without  stem  and  fork  (Fig.  4  E);  ENA  Diploperla 


July  1984 


Stewart,  Stark:  Plecoptera  Nymphs 


377 


Arcynopteryx  Klapalek,  s.s. 

Type  species.— Arcynopteryx  compacta 
(McLachlan). 

Previous  nymph  descriptions/illustra- 
tions.— (A.  cornpacta)  (Brink  (1949;  man- 
dibles, labium /hypopharynx,  labrum,  maxilla, 
hind  tarsus),  Brink  (1952;  habitus,  mandibles, 
labnun/ hypopharynx,  labnmi,  maxilla,  hind 
tarsus),  Despax  (1951;  $  habitus,  labrum, 
mandibles,  maxillae,  labium,  $  abdomen),  li- 
lies (1955;  habitus,  maxillae,  $  abdomen), 
Ricker  (1952;  mesosternal  Y-pattern)  Shepard 
and  Stewart  (1983;  gills). 

Nymph  description.—  (A.  compacta)  (Figs. 
1  A-K).  Body  brown  with  dark  brown  mark- 
ings; legs,  antennae  and  cerci  light  brown. 
Head  with  light  M-pattem  forward  of  ante- 
rior ocellus,  light  median  longitudinal  bar,  2 
pairs  light  spots  inside  eye  and  sinuate  occi- 
pital row  of  short,  stout  spinules  (Fig.  1  A). 
Antennal  segments  with  apical  circlets  of 
very  short  white  hairs.  Laciniae  triangular, 
with  2  terminal  teeth  and  full  row  of  margin- 
al and  submarginal  setae;  terminal  tooth 
about  0.4  total  outer  length  of  lacinia;  single 
axillary  seta  (Fig.  1  B).  Left  mandible  deeply 
cleft,  with  acanthae  at  base  of  dorsal  teeth, 
and  median  ventral  patch  of  12-16  setae;  ma- 
jor ventral  cusp  with  slight  serrations,  inner 
ventral  cusps  without  serrations  (Fig.  1  C). 
Length  of  projecting  portion  of  submental 
gills  about  3  times  their  basal  diameter  (Fig. 
1  E).  Pronotum  with  light  lateral  and  mesal 
bands  and  bordered  with  even  fringe  of  short 
spinules  (Fig.  1  A).  Y-arms  of  mesosternum 
reach  anterior  corners  of  furcal  pits  (Fig. 
1  F).  Wingpads  with  numerous  irregular 
patches  of  short,  stout  spinules.  Femora  and 
tibiae  with  stout  spinules,  clothing  hairs  and 
fine  silky  posterior  hair  fringe  (Fig.  1  D). 
Dorsal  abdominal  segments  with  posterior 
fringe  of  short  spinules  and  dense  short,  stout 
intercalary  spinules.  Male  8th  abdominal 
sternum  with  6  mesoposterior  spinules  (Fig. 
1  G);  ?  8th  sternum  with  interrupted  row  of 
mesoposterior  spinules  (Fig.  1  H).  Cereal  seg- 
ments with  posterior  whorl  of  spinules,  dorsal 
intercalary  spinules,  and  dorsal  fringe  of  silky 
hairs  (Fig.  1  I,  J,  K). 

Nymph  biology.—  Relatively  poorly 
known.  Nymphs  are  carnivorous,  feeding 
heavily  on  chironomid  larvae  (Brinck  1949). 


They  inhabit  cold  streams  and  rivers  (Brinck 
1949)  and  high  mountain  or  northern-latitude 
lakes  with  stony  shoreline  substrata  (Bau- 
mann  et  al.  1977,  Donald  and  Anderson  1980, 
K.  W.  Stewart  unpubl.  Alaska  data). 

North  American  species  list/distribu- 
tion.— Arcynopteryx  compacta  —  ALAS, 
ALB,  BC,  COL,  MAINE,  MONT,  WYO,  NH, 
NY,  SASK. 

Chernokrilus  Ricker 

Type  species.—  Chernokrilus  misnomus 
(Claassen). 

Previous  nymph  descriptions/illustra- 
tions.— None  for  any  species. 

Nymph  description.—  (C.  misnomus) 
(Figs.  2  A-J).  Body  brown  with  dark  brown 
markings,  covered  with  flat,  dark  clothing 
hairs;  legs,  antennae,  and  cerci  light  brown. 
Head  with  light  M-pattern  forward  of  ante- 
rior ocellus,  distinct  light,  T-shaped  marking 
on  anterior  frons,  oval  spots  inside  eyes  and 
back  of  head  broken  by  reticulate  dark  lines; 
sinuate  band  of  stout  light  occipital  spinules 
1-3  spinules  wide  (Figs.  2  A,  K).  Antennal 
segments  with  apical  circlets  of  short  hairs. 
Laciniae  triangular,  bidentate,  with  3  or  4 
marginal  setae  below  subapical  tooth  and 
along  base;  marginal  setae  absent  along 
middle;  sparse  patches  of  submarginal  setae 
adjacent  to  marginal  setae;  terminal  tooth 
about  0.45  total  outer  lacinial  length  and  sub- 
apical  tooth  about  0.5  length  of  terminal 
tooth  (Fig.  2  C)  2  or  3  long  ventral  setae  on 
subapical  tooth;  single  axillary  seta.  Left 
mandible  without  deep  cleft,  serrations  of 
teeth  or  patch  of  median  ventral  setae;  row 
of  acanthae  along  base  of  dorsal  teeth  (Fig. 
2  B).  Gills  absent.  Pronotum  dark  brown  with 
lateral  light  marginal  band  and  reticulate 
markings;  margined  with  short  spinules  (Figs. 
2  A,  K).  Y-arms  of  mesosternum  meet  posteri- 
or corners  of  furcal  pits  and  usually  have  an- 
terior extensions  not  reaching  anterior  cor- 
ners of  furcal  pits  (Fig.  2  E).  Meso-metanota 
dark  with  light  reticulate  markings  and  light 
wingpads  (Fig.  2  K).  Femora  and  tibiae  with 
short,  stout  spinules,  flat,  dark  clothing  hairs 
and  white,  silky  hair  fringe  (Fig.  3  D).  Ab- 
dominal segments  brown;  terga  with  pairs  of 
mesal  and  lateral  light  spots,  posterior  setal 
fringe  and  numerous  short,  stout  intercalary 
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Fig.  1.  Nymphal  characters  of  Arcynopten/x  conipachi:  A,  head,  proiiotum  pattern;  B,  right  lacinia  (ventral);  C, 
left  mandible  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F.  mesosternal  Y-pattern;  G,  $  ventral 
abdomen;  H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  terminal  cereal  segments  (dorsal);  a,  occipital  spinule 
row,  b,  marginal  lacinial  setae,  c,  submarginal  lacinial  setae,  d.  cleft  of  mandible,  e,  median  ventral  setal  patch  of 
mandible,  f,  submental  gills,  g,  fiircal  pits,  h,  Y-arms,  i,  stem  of  Y. 
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Fig.  2.  Nvmphal  characters  of  Chernokrilus  misnomus:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C, 
left  lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  ,5  ventral  abdomen;  G,  $  ventral 
abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


spinules  (Fig.  2  K).  Male  8th  abdominal  ster- 
num with  narrow  mesal  gap  in  posterior  setal 
row  (Fig.  2  F);  ?  8th  sternum  with  wide  mes- 
al gap  in  posterior  setal  row  (Fig.  2  G).  Cer- 
eal segments  with  dark  anterior  circular 
band,   posterior  whorl   of  setae;   cerci   with 


complete  vertical  fringe  of  silky,  white  hairs 
(Figs.  2  H-J). 

Nymph  biology.—  Previously  unreported 
for  any  species.  We  collected  mature,  pre- 
emergent  C.  misnomus  nymphs  in  early  to 
late  May  in  1982  and  1983,  from  headwaters 
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Fig.   2K.  Chernokrihis   misnomtis:   nvmph   habitus; 
scale  line  =  2  mm. 


of  Parker  Creek,  Benton  County,  and  small 
steep  trickles  entering  tributaries  of  the 
Little  Nestvicca  River  Drainage,  Tillamook 
Comity,  in  the  Coastal  Range  of  Oregon,  and 
in  Big  Spring,  Siskiyou  Co.,  California,  at  Mt. 
Shasta  (7  C).  Nymphs  collected  in  Oregon  af- 
ter 13  May  in  both  years  were  successfully 
field  reared  in  styrofoam  chests  within  3 
days. 

North  American  species  list/distribu- 
tion.— (1)  Chernokrihis  erratus  (Claassen)  — 
CA,  (2)  C.  misnomus  -  ORE,  CAL,  (3)  C.  ue- 
nustus  (Jewett)  —  CAL. 

Cultus  Ricker 

Type  species.—  Cidttis  pilatus  (Prison) 
Previous  nymph  descriptions /illustra- 
tions.— (1)    C.    aestivaUs  —  Baumann    et    al. 


(1977;  maxilla),  Ricker  (1943)  (as  Diphperla 
fraseri),  Claassen  (1931)  (as  Perla  aestwahs), 
(2)  C.  decisus  —  Claassen  (1931;  habitus,  labr- 
um,  labium,  mandible,  maxillae),  (3)  C.  pi- 
latus —  Prison  (1942;  habitus,  mandibles, 
maxilla,  labium),  (4)  C.  tostonus  —none. 

Nymph  description.—  (C.  aestivaUs)  (Pigs. 
3  A-J).  Body  yellow  with  brown  markings; 
antennae,  legs  yellow,  cerci  brown.  Head 
with  variable  pattern,  usually  with  X-shaped 
pattern  connecting  ocelli,  and  light  area  an- 
terior to  median  ocellus;  light  M  pattern  as  in 
most  Perlodinae  usually  indistinct;  no  occi- 
pital spinule  row,  but  with  long  postorbital 
setae  (Pig.  3  A).  Antennal  segments  with 
apical  circlets  of  short  setae.  Laciniae 
triangular,  bidentate,  with  marginal  setae  re- 
stricted to  tuft  of  3  or  4  below  base  of  sub- 
apical  tooth;  3-4  scattered  submarginal  setae 
and  patch  of  12-14  submarginal  setae  near 
base;  2  or  3  axillary  setae;  terminal  tooth 
about  0.4  total  outer  lacinial  length,  and  sub- 
apical  tooth  0.5  length  of  terminal  tooth  (Pig. 
3  C).  Left  mandible  without  deep  cleft,  serra- 
tions of  teeth  or  patch  of  median  ventral 
setae;  row  of  acanthae  along  inner  base  of 
dorsal  teeth  (Pig.  2  B).  Gills  absent.  Pronotum 
with  faint,  irregular  pattern;  only  2  or  3  long 
hairs  on  corners  (Pig.  2  A).  Y-arms  of  meso- 
sternum  reach  posterior  corners  of  furcal  pits, 
no  transverse  suture  connecting  furcal  pits 
(Pig.  3  E).  Wingpads  with  few  setae  on  ante- 
rolateral corners  and  tips  (Pig.  3  A).  Pemora 
and  tibiae  with  scattered  stout  hairs;  femora, 
tibiae,  and  tarsus  with  dense  fringe,  silky, 
white  hairs  (Pig.  3  D).  Abdominal  terga  ring- 
ed anteriorly  with  brown  band;  posterior  half 
yellow;  no  intercalary  spinules;  apical  ring  of 
setae  with  2-5  longer  mesal  setae.  Both  S 
and  ?  8th  abdominal  sternae  with  mesoposte- 
rior  interruption  of  posterior  spinules  (Pig. 
3  P,  G).  Cereal  segments  with  posterior 
whorl  of  short  setae  and  complete  dorsal 
fringe  of  silky,  white  hairs  (Pigs.  3  H,  J). 

Nymph  biology.—  Relatively  poorly 
known  for  the  genus.  Nymphs  of  C  aestivaUs 
inhabit  a  wide  variety  of  creeks  and  rivers 
from  6950  to  9025  ft  elevation  in  central  Col- 
orado (Knight  1965).  Emergence  is  spread 
over  a  long  period  from  Apr.  to  Aug.  in  the 
Rocky  Mts.  (Baumann  et  al.  1977,  Gaufin  et 
al.  1972);  therefore,  mature  nymphs  should 
be  found  throughout  summer  at  various  ele- 
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Fig.  3.  Nvmphal  characters  of  Ctiltus  aestivalis:  A,  head,  pronotuni  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  <?  ventral  abdomen;  G,  $  ventral 
abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


vations.  Eighty-two  late  instar  nymphs  from 
the  Dolores  and  Gunnison  rivers,  Colorado, 
fed  almost  exclusively  on  Chironomidae  and 
other  Diptera  larvae,  primarily  simuliids 
(Fuller  and  Stewart  1977,  1979).  Nymphs  of 


C.  decisus  live  in  riffles  in  leaf  packs  and  be- 
neath stones,  exhibit  a  univoltine  cycle  with 
most  rapid  nymphal  growth  from  Feb.  to 
emergence  in  Apr. -May,  and  are  carnivorous 
(Minshall  and  Minshall  1966). 
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North  American  species 
TiON.—  (1)  Cultus  aestivalis 
Claassen)  -  ARIZ,  BC,  COL 
NM,  UT,  \WO,  YUK,  (2)  C. 
er)-CONN,  GA,  IND,  KY, 
NY,  ONT,  PA,  QUE,  TN,  VA, 
latiis  (Prison)  -  BC,  GAL,  ID, 
WN,  (4)  C.  tostomis  (Ricker)  - 
MONT,  ORE,  WN,  WYO. 


list/distribu- 
(Needham  & 
,  ID,  MONT, 
decisus  (Walk- 
MAINE,  NC, 
WV,  (3)  C.  pi- 
MONT,  ORE, 
BC,  GAL,  ID, 


Diploperla  Needham  &  Glaassen 

Type  species.—  Diploperla  duplicata 
(Banks) 

Previous  nymph  descriptions/illustra- 
tions.—(1)  D.  duplicata  —  Hitchcock  (1974; 
habitiis),  Kondratieff  et  al.  (1981;  habitus),  (2) 
D.  morgani  —  Kondratieff  et  al.  (1981;  habit- 
us), (3)  D.  robusta  —  Prison  (1935,  labrum, 
mandible,  maxilla,  labium,  habitus).  Stark  and 
Gaufin  (1974),  Kondratieff  et  al.  (1981; 
habitus). 

Nymph  description.—  (D.  duplicata)  (Figs. 
4  A-G).  Body  yellow  with  brown  markings; 
legs  yellow,  antennae  and  cerci  brown;  tiny 
dark,  flat  clothing  hairs  on  dorsum  of  head, 
thorax.  Head  with  brown,  dark  M-band  con- 
necting ocelli,  with  narrow  light  M  forward 
of  it;  no  distinct  row  or  band  of  occipital 
spinules  (Fig.  4  A).  Laciniae  triangular,  bi- 
dentate  with  no  marginal  setae  and  only  4-6 
submarginal  setae;  single  axillary  seta  at  base 
of  both  teeth;  terminal  tooth  about  0.5  total 
outer  lacinial  length  and  subapical  tooth 
about  0.6  length  of  terminal  tooth  (Fig.  4  G). 
Left  mandible  without  deep  cleft,  distinct 
serrations  of  teeth  (SEM  lOOOX  shows  only 
shallow  crenulations)  or  patch  of  median  ven- 
tral setae;  distinct  acanthae  absent  from  base 
of  dorsal  teeth  (Fig.  4  B).  Gills  absent.  Pro- 
notum  with  light,  narrow  lateral  margins  and 
2  lateral  longitudinal  dark  bands  broken  by 
reticulate  light  markings;  narrow  dark  mesal 
line;  3-5  long  setae  on  corners,  absent  later- 
ally (Fig.  4  A).  Y-arms  of  mesosternum  in- 
complete, fork  and  stem  absent,  arms  reach- 
ing posterior  comers  of  furcal  pits  (Fig.  4  E). 
Meso-metanota  with  few  short  setae  on  ante- 
rior corners  and  inner  margins  of  wingpads; 
irregular  reticulate  pattern.  Femora  with  nu- 
merous long,  stout  dorsal  setae;  no  silky  hair 
fringe  (Fig.  4  D).  Tibiae  with  short,  stout 
setae  and  golden,  silky  hair  fringe,  and  tarsus 


with  golden  dorsal  hair  fringe  (Pig.  4  D).  Ab- 
dominal terga  uniform  brown  with  apical 
whorl  of  setae;  2-4  posterolateral  setae  on 
each  side  of  each  abdominal  tergum  as  long 
as  succeeding  segments;  dorsal  intercalary 
spinules,  if  present,  fewer  than  8  and  in- 
distinct. Gercal  segments  with  whorl  of  long 
hairs,  some  as  long  as  succeeding  segment;  no 
silky  dorsal  fringe  (Fig.  4  P).  Posterior  setal 
row  of  8th  abdominal  sternum  of  both  male 
and  female  interrupted;  mature  female 
nymph  with  shallow  mesoposterior  notch 
(Pigs.  4  G,  H). 

Nymph  biology.—  Relatively  poorly 
known  except  for  D.  robusta.  Nymphs  of  D. 
duplicata  occupy  leaf  or  detritus  packs  in 
small  Appalachian  streams,  have  a  one-year 
life  cycle  with  emergence  in  spring,  and  are 
carnivorous  (Prison  1935).  They  are  found 
above  1000  ft  elevation  in  northwestern 
South  Carolina  (McCaskill  and  Prins  1968). 
D.  robusta  emerge  in  May  in  West  Virginia, 
nymphs  were  absent  May-Jul.  when  eggs 
were  possibly  diapausing,  and  young  nymphs 
appeared  in  Aug.,  grew  steadily  during  win- 
ter and  at  a  rapid  rate  in  Mar. -Apr.  prior  to 
emergence,  and  fed  primarily  on  chirono- 
mids,  other  diptera,  and  mayflies,  Ashley  et 
al.  (1976). 

North  American  species  list/distribu- 
tion.— (1)  Diploperla  duplicata  —  ALA, 
DEL,  GA,  MISS,  SG,  IN,  VA,  WV,  (2)  D. 
morgani  Kondratieff  &  Voshell  —  VA,  WV, 
(3)  D.  robusta  Stark  &  Gaufin  -  CONN, 
IND,  KY,  OH,  PA,  VA,  WV. 

Diura  Billberg 

Type  species.—  Diura  bicaudata  (Lin- 
naeus). 

Previous  nymph  descriptions/illustra- 
tions.— (1)  D.  bicaudata  —  Nymphs  from  Eu- 
rope have  been  described  and  illustrated  by 
Hynes  (1941,  1958),  Brinck  (1952),  and  lilies 
(1955),  and  a  brief  description  of  a  single  fe- 
male nymph  from  Saskatchewan  was  given 
by  Dosdall  and  Lemkuhl  (1979),  (2)  D. 
knowltoni  -  Prison  (1937),  Prison  (1942; 
mandible,  maxilla,  labium,  habitus),  Baumann 
et  al.  (1977;  maxilla),  (3)  D.  nanseni  - 
Nymphs  from  Europe  have  been  described 
and  illustrated  by  Brinck  (1949,  1952)  and 
Saltveit  (1978). 
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Fig.  4.  Nyniphal  characters  of  Diploperla  ditpUcata:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  basal  segments  of  left  cercus  (dorsal);  G,  <5 
ventral  abdomen;  H,   ?  ventral  abdomen. 


Nymph  description.—  (D.  knowltoni) 
(Figs.  5  A-J)  Body  yellow  to  light  brown  with 
brown  markings;  antennae  and  legs  light 
brown,  cerci  brown.  Head  with  X-shaped 
pattern  connecting  ocelli,  forward  of  which 
is  an  inverted  bell-shaped  light  pattern;   2 


light  round  spots  inside  eyes  and  mesal  light 
bell-shaped  mark  from  between  lateral  ocelli 
to  occiput;  postocular  spinules  and  sparse  sin- 
uate row  of  indistinct  occipital  spinules  pres- 
ent (Fig.  5  A).  Laciniae  triangular,  bidentate 
with  inner  marginal  setae  only  along  apical 
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Fig.  5.  Nymphal  characters  of  Diura  knoultoni:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  S  ventral  abdomen;  G,  ?  ventral 
abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


half;  fiill  row  of  about  10  submarginal  setae 
and  2  or  3  axillary  setae;  terminal  tooth 
about  0.3  total  outer  lacinial  length,  and  sub- 
apical  tooth  0.5  length  of  terminal  tooth  (Fig. 


5  C).  Left  mandible  without  deep  cleft,  serra- 
tions of  teeth  or  patch  of  median  ventral 
setae;  row  of  acanthae  along  inner  base  of 
dorsal    teeth.    Gills    absent.    Pronotum    with 
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light,  narrow  lateral  margins  and  mesal 
stripe;  with  submarginal  brown  band  and  in- 
terior reticulate  dark  lines  on  a  light  back- 
ground; short  spinules  on  anterior,  posterior 
margins,  few  or  none  laterally  (Fig.  5  A). 
Wingpads  with  mesal  mushroom-shaped  light 
pattern  and  short,  stout  setae  laterally  (Fig. 
5  A).  Y-arms  of  mesosternum  reach  posterior 
comers  of  furcal  pits  (Fig.  5  E).  Femora  with 
short  setae,  a  longitudinal  dark  marking  api- 
cally  and  fringe  of  golden,  silky  hairs  (Fig. 
5  D).  Tibiae  and  tarsi  with  golden,  silky  hair 
fringe  (Fig.  5  D).  Abdominal  terga  brown 
with  pair  of  large,  light  mesal  spots  giving 
overall  appearance  of  a  wide,  central,  light 
longitudinal  abdominal  band;  each  segment 
with  apical  setal  row  and  more  than  50  sharp 
intercalary  spinules.  Cereal  segments  with 
whorl  of  short  setae  less  than  0.5  length  of 
segments;  complete  dorsal  fringe  of  short, 
golden,  silky  hairs  (Fig.  5  H-J).  Posterior  setal 
row  of  male  8th  abdominal  sternum  little  in- 
terrupted (Fig.  5  F);  a  wide  mesal  inter- 
ruption of  setae,  and  a  shallow  notch  on  fe- 
male 8th  abdominal  sternum  (Fig.  5  G). 

Nymph  biology.—  Relatively  poorly 
known  for  the  North  American  D.  knowltoni. 
It  is  found  in  small  streams  and  larger  rivers 
with  stony  substrata  at  7,220-10,300  ft  eleva- 
tion in  Gimnison  River  drainage,  Colorado 
(Knight  1965,  Knight  and  Gaufin  1966). 
Emergence  is  in  Apr.-Jun.  in  Pacific  North- 
west and  Rocky  Mountains  (Jewett  1959, 
Baumann  et  al.  1977).  Sheldon  (1972)  found 
D.  knowltoni  only  above  1810  m  in  Sagehen 
Crk  and  above  1900  m  in  the  Little  Truckee 
River.  Nymphs  were  strict  carnivores,  with 
major  prey  items  split  between  Diptera  and 
Trichoptera  larvae.  Small  nymphs  were  first 
collected  in  Aug.  and  growth  was  continuous 
through  fall  and  winter  imtil  emergence  in 
May  and  Jun.  There  are  no  reports  on  the  bi- 
ology of  D.  bicaudata  and  D.  nanseni 
nymphs  in  North  America.  Both  species  have 
univoltive  cycles  in  Sweden,  with  rapid 
growth  in  autumn  (Aug. -Oct.)  and  spring 
(Apr.-Jun.),  slowed  growth  in  winter 
(Oct.-Mar.),  and  emergence  in  Jun.-Jul.,  and 
both  are  carnivorous,  feeding  primarily  on 
mavfly  nymphs  and  diptera  larvae  (Brinck 
1949). 

North  American  species  list/distribu- 
tion.- (1)  Diura  bicaudata  -  ALAS,  NWT, 


YUK,  (2)  Diura  knowltoni  (Frison)  -  ALB, 
BC,  COL,  ID,  MONT,  NEV,  NM,  OR,  SASK, 
UT,  WYO,  YUK,  (3)  D.  nanseni  (Kempny)  - 
NH,  QUE. 

Frisonia  Ricker 

Type  species.—  Frisonia  picticeps  (Han- 
son). 

Previous  nymph  descriptions/illustra- 
tions.— Ricker  (1943;  mandible,  maxilla), 
Ricker  (1959,  written  description  in  key  for 
subgenus  Frisonia  was  erroneously  given  un- 
der subgenus  Skwala). 

Nymph  description.—  (Figs.  6  A-L)  Body 
brown  with  dark  brown  markings;  legs  light 
brown,  antennae  and  cerci  brown.  Dark 
clothing  hairs  lying  flat  over  whole  dorsal 
surface  and  legs.  Head  mostly  brown  with 
faint  M-pattern  anterior  to  median  ocellus 
and  2  light  spots  posterior  to  M  (Fig.  6  A,  L); 
sinuate  row  of  occipital  spinules,  interrupted 
mesally.  Bushy  band  of  long,  white  shaggy 
hairs  across  back  of  head  between  eyes,  and 
mesally  from  prothorax  to  tip  of  abdomen 
(Fig.  6  L).  Laciniae  triangular,  bidentate,  and 
strongly  curved,  with  full  row  of  very  stout 
marginal  and  submarginal  setae  and  3  ax- 
illary setae;  row  of  10-12  stout  setae  extend- 
ing up  onto  ventral  basal  portion  of  terminal 
tooth;  terminal  tooth  about  0.3  total  outer  la- 
cinial  length  and  subapical  tooth  about  0.6 
length  of  terminal  tooth  (Fig.  6  C).  Left  man- 
dible deeply  cleft  with  prominent  serrations 
of  teeth;  without  median  ventral  setal  patch; 
row  of  acanthae  along  base  of  dorsal  tooth 
(Fig.  6  B).  Submental  gills  prominent,  about  2 
times  their  basal  diameter  (Fig.  6  E).  Pro- 
notum  brown  with  light  mesal  longitudinal 
band,  light  reticulate  markings  and  short 
marginal  spinules  (Fig.  6  A).  Wingpads  with 
reticulate  pattern  and  short  marginal  spinules 
(Fig.  6  A).  Y-arms  of  meso-sternum  reach  or 
nearly  reach  anterior  corners  of  furcal  pits 
(Fig.  6  F).  Femora  with  spinules  or  stout 
setae  restricted  to  narrow  band  adjacent  to 
dorsal  fringe;  dense  fringe  of  long,  silky, 
white  hairs  (Fig.  6  D).  Tibiae  with  few  scat- 
tered spinules  and  dense  fringe  of  long  silky 
hairs,  and  tarsi  with  row  of  silky  hairs  (Fig. 
6  D).  Abdominal  segments  dark  brown  with 
short  apical  setal  row  and  few  scattered,  very 
short,  blunt   intercalary   spinules  (Fig.   6  L). 
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Fig.  6.  Nymphal  characters  of  Frisonia  pictipes:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  S  ventral  abdomen; 
H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 
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Fig.  6L.  Frisonia  pictipes:  nymph  habitus;  scale  line 
=  2  mm. 

Cereal  segments  with  whorl  of  short  apical 
spinules,  and  cerci  with  full  dorsal  fringe  of 
silky,  white  hairs  (Figs.  6  I-K).  Posterior  setal 
row  of  male  and  female  8th  abdominal  seg- 
ments interrupted  (Figs.  6  G-H). 

Nymph  biology.—  Relatively  poorly 
known.  Sheldon  (1972)  found  F.  picticeps  to 
be  relatively  common  in  riffle  samples  taken 
above  1810  m  in  Sagehen  Creek.  Small 
nymphs  were  collected  in  Aug.  and  a  contin- 
uous growth  pattern  was  exhibited  until 
emergence  in  May  and  Jun.  Nymphs  fed  pri- 
marily on  Diptera  larvae,  but  considerable 
plant  material  was  ingested  by  nymphs  feed- 
ing on  smaller  larvae. 

North  American  species  list/distribu- 
tion.— Monospecific  genus;  F.  picticeps  — 
BC,  CAL,  NEV,  ORE,  WN. 


Helopicus  Ricker 

Type  species.—  Helopicus  nalatus  (Frison). 

Previous  nymph  descriptions/illustra- 
tions.— (1)  H.  bogaloosa  —  Stark  and  Ray 
(1983;  head/pronotum,  lacinia,  mandibles 
with  acanthae,  detail  of  occiput)  (2)  H.  na- 
latus—Frison  (1942;  habitus,  mandibles,  la- 
bium, maxilla),  Ricker  (1952),  Stark  and  Ray 
(1983;  head/pronotum,  lacinia,  mandibles, 
labrum),  (3)  H.  subvarians  —  Ricker  (1952; 
habitus,  maxilla). 

Nymph  description.—  (H.  nalatus)  (Figs. 
7  A-K).  Body  and  legs  yellow  with  brown 
markings;  antennae  and  cerci  yellow.  Head 
with  transverse  brown  band  between  an- 
tennae, enclosing  anterior  ocellus;  brown 
spot  between  lateral  ocelli,  and  irregular  nar- 
row brown  bands  behind  arms  of  ecdysial  su- 
ture; complete,  sinuate  band  of  stout  occipit- 
al spinules  2-3  wide  (Fig.  7  A).  Laciniae 
triangular,  bidentate,  with  row  of  20-22  mar- 
ginal setae,  8-10  submarginal  setae,  and  3  or 
4  axillary  setae;  terminal  tooth  about  0.35  to- 
tal outer  lacinial  length  and  subapical  tooth 
about  0.5  length  of  terminal  tooth  (Fig.  7  C). 
Right  mandible  without  deep  cleft,  and  with 
serrations  on  ventral  2  teeth;  no  distinctly 
separated  median  ventral  setal  patch;  band  of 
acanthae  from  base  of  tooth  3  to  marginal 
setae  (Fig.  7  B).  Prominent  submental  gills, 
projecting  portion  about  3  times  basal  diame- 
ter (Fig.  7  E).  Pronotum  yellow  with  margin- 
al brown  band,  narrow,  dark  mesal  longitudi- 
nal band  and  irregular  lateral,  dark  reticulate 
markings;  complete  marginal  row  of  short 
spinules  (Fig.  7  A).  Y-arms  of  mesosternum 
meet  posterior  corners  of  furcal  pits  (Fig. 
7  F).  Wingpads  with  irregular  reticulate 
brown  markings;  spinules  on  all  margins  (Fig. 
7  A).  Femora  with  posterodorsal,  longitudinal 
brown  band,  apical  transverse  brown  band, 
numerous  stout  dorsal  spinules,  and  dense 
fringe  of  silky,  yellow  hairs  (Fig.  7  D);  tibiae 
with  spinules,  and  tibiae  and  tarsi  with  dorsal 
fringe  of  silky,  yellow  hairs  (Fig.  7  D).  Ab- 
dominal terga  1-9  with  anterior  transverse 
brown  band  and  thin  brown  apical  margin; 
segment  10  with  median  transverse  band;  nu- 
merous stout  intercalary  spinules  (>  100)  and 
posterior  fringe  of  setae.  Cereal  segments 
with  apical  whorl  of  short  setae  and  com- 
plete dorsal  fringe  of  silky,  yellow  hairs  (Figs. 
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Fig.  7.  Nymphal  characters  of  Helopicus  nalatiis:  A,  head,  pronotum  pattern;  B,  right  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  S  ventral  abdomen; 
H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 
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7  I-K).  Posterior  setal  row  of  male  8th  ab- 
dominal sternum  uninterrupted  mesally  (Fig. 

7  G);  setal  row  of  female  interrupted  mesally 
(Fig.7H). 

Nymph  biology.—  Poorly  known,  H.  na- 
latiis  collected  as  nymphs  from  late  Jan. -May 
(Prison  1942),  primarily  in  debris  and  leaf 
packs  in  Arkansas  (J.  Feminella  and  K.  Stew- 
art, unpubl.  data). 

North  American  species  list/distribu- 
tion.— (1)  Helopicus  bogaloosa  Stark  & 
Ray -FLA,  GA,  LA,  MS,  (2)  H.  nalatus - 
ARK,  IND,  KAN,  MICH,  MO,  OK,  (3)  H. 
suhvarians  (Banks)  -  CONN,  FLA,  MAINE, 
NC,  ONT,  PA,  QUE,  SC,  TN,  VA,  WV. 

Hydroperla  Prison 

Type  species.—  Hydroperla  crosbyi  (Need- 
ham  &  Claassen). 

Previous  nymph  descriptions/illustra- 
tions.— (1)  H.  crosbyi  —  Prison  (1935;  la- 
brum,  mandible,  maxilla,  labium,  mentum, 
submentum,  habitus),  Ross  and  Prison  (1937), 
Ricker  (1952),  Stewart  et  al.  (1976;  mesoster- 
nal  Y-arms),  Obemdorfer  and  Stewart  (1977; 
1st  instar  habitus,  mouthparts),  Ray  and  Stark 
(1981;  mandible,  lacinia,  labnim),  Shepard 
and  Stewart  (1982;  gills),  (2)  H.  fugitans - 
Prison  (1935;  habitus,  labrum,  mandible, 
maxilla,  labium,  mentum,  submentum),  Ray 
and  Stark  (1981;  labrum,  mandible,  lacinia), 
(3)  H.  phormidia  —  Ray  and  Stark  (1981; 
habitus,  labnim,  mandible,  lacinia). 

Nymph   description.—  {H.   crosbyi)   (Figs. 

8  A-K).  Body  and  legs  yellow  with  brown 
markings;  antennae  and  cerci  yellow.  Head 
with  wide  M-band  between  antennal  bases, 
enclosing  3  yellow  spots;  yellow  M-band  an- 
terior to  median  ocellus  and  brown  trans- 
verse band  anterior  to  it;  2  irregular  brown 
marks  behind  eyes,  enclosing  sinuate  band  of 
spinules  2-3  wide;  occipital  spinule  band  in- 
terrupted by  wide  mesal  space  (Pig.  8  A).  La- 
ciniae  triangular,  bidentate,  with  row  of 
16-20  marginal  setae,  4-6  submarginal  setae, 
2  axillary  setae  and  well-developed  median 
ventral  patch  of  10-12  setae;  terminal  tooth 
about  0.25  total  outer  lacinial  length  and  sub- 
apical  tooth  about  0.5  length  of  terminal 
tooth  (Fig.  8  C).  Left  mandible  without  deep 
cleft,  distinct  serrations  of  teeth  or  median 
ventral  setal  patch;  band  of  acanthae  from 


base  of  dorsal  teeth  to  marginal  setae  (Pig. 
8  B).  Prominent  submental  gills,  projecting 
portion  about  2.0-2.5  times  their  basal  diam- 
eter (Fig.  8  E).  Pronotum  encircled  with  wide 
brown  band  except  for  narrow  light  lateral 
margins;  complete  marginal  row  of  short 
setae  (Pig.  8  A).  Y-arms  of  mesosternum  meet 
posterior  corners  of  furcal  pits  (Pig.  8  F). 
Wingpads  with  anterior  brown  markings, 
with  M-shaped  mesal  mark,  and  flat  posterior 
U-mark;  short  setae  on  all  margins  (Fig.  8  A). 
Femora  with  median  dorsal,  longitudinal, 
dark  bar,  numerous  short  spinules  and  dorsal 
fringe  of  silky,  yellow  hairs;  tibiae/tarsi  with 
silky,  yellow  hair  fringe  (Pig.  8  D).  Abdomi- 
nal terga  with  anterior,  transverse  brown 
band  and  posterior  brown  margin;  short  pos- 
terior setal  fringe  and  numerous  (>  50)  inter- 
calary spinules.  Cereal  segments  with  apical 
whorl  of  short  setae  and  complete  dorsal 
fringe  of  silky,  yellow  hairs  (Pigs.  8  I-K).  Pos- 
terior setal  row  of  male  8th  abdominal  ster- 
num uninterrupted  mesally  (Pig.  8  G);  8th 
sternal  setal  row  of  female  interrupted  me- 
sally (Fig.  8  H). 

Nymph  biology.—  Well  known  for  H. 
crosbyi.  Early  instars  appear  in  late  Oct.  in 
Texas,  after  an  approximate  7-month  egg  dia- 
pause. They  grow  rapidly  through  the  winter 
and  emerge  in  Feb. -Mar.  Male  and  female 
nymphs  have  an  estimated  12  and  14  instars, 
respectively.  Nymphs  are  carnivorous,  feed- 
ing primarily  on  Chironomidae  and  Sim- 
uliidae  larvae,  and  mayfly  nymphs  (Obem- 
dorfer and  Stewart  1977).  Found  in 
permanent  and  intermittent  streams  through- 
out the  Mississippi  Valley,  southward  to  Ar- 
kansas, Oklahoma,  and  Texas,  in  debris,  leaf 
packs  and  cobble-gravel  riffle  substrate  (Pri- 
son 1935,  Szczytko  and  Stewart  1977).  Brief 
notes  were  given  by  Prison  (1935)  on  the  bi- 
ology of  H.  fugitans  (as  H.  harti)  that  in- 
dicated its  life  cycle  and  food  habits  are  sim- 
ilar to  H.  crosbyi.  H.  phormidia  occurs  in 
brown-water  coastal  rivers  in  Northwest 
Florida,  in  leaf  packs  associated  with  blue- 
green  algae;  it  feeds  on  Chironomidae  and 
Similiidae  larvae  and  emerges  in  Mar. -Apr., 
baser*  on  field  collections  of  exuviae,  the 
single  field-collected  adult  male,  and  labora- 
tory vearings  of  a  male  and  female  (Ray  & 
Stark  1981). 
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Fig.  8.  Nymphal  characters  of  Hijdwperla  crosht/i:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral)'  C  left 
kcinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  $  ventral  abdomen- 
H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


North  American  species  list/distribu- 
tion.- (1)  Hydroperla  crosbyi  -  ARK,  ILL, 
IND,  KAN,  OK,  MO,  TX,  (2)  H.  fugitans 


(Needham  &  Claassen)  -  ARK,  ILL,  IND, 
KAN,  TN,  TX,  (3)  H.  phormidia  Ray  & 
Stark  -  FLA. 
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Isogenoides  Klapalek 

Type  species.—  Isogenoides  frontalis 
(Newman). 

Previous  nymph  descriptions /illustra- 
tions.— (1)  /.  coluhrinus  —  (possibly  Claassen 
1931),  (2)  I.  doratus  -  Frison  (1942;  habitus, 
mandible,  maxilla,  labium),  (3)  /.  elongatus  — 
Ricker  (1952;  mandible),  Baumann  et  al. 
(1977;  lacinia),  (4)  I.  frontalis  -  Frison  (1942; 
habitus,  mandibles,  maxilla,  labium),  Hilsen- 
hoff  and  Billmyer  (1973;  lacinia),  (5)  /.  han- 
soni  —  Ricker  (1952;  habitus,  mandibles,  la- 
bium), (6)  7.  krumholzi  —  none,  (7)  /. 
olivaceus  —  Frison  (1942;  habitus,  mandibles, 
maxilla,  labium),  Hilsenholff  and  Billmyer 
(1973;  lacinia),  (8)  I.  varians  —  Ross  and  Fri- 
son (1937;  habitus),  (9)  /.  zionensis  —  Ricker 
(1952),  Bamnann  (1973;  habitus,  maxillae, 
mandibles),  Baumann  et  al.  (1977;  labrum,  la- 
bium with  gills,  maxilla,  mandible,  mesoster- 
nal  ridge  pattern),  Shepard  and  Stewart 
(1982;  gills— text  and  illustrations  of  frontalis 
are  actually  zionensis). 

Nymph  description.—  (7.  zionensis).  Body 
yellow  with  light  brown  markings;  antennae, 
legs  yellow,  cerci  brown;  thin  rows  of  long, 
light,  silky  hairs  along  middorsal  line  of  tho- 
rax and  abdomen.  Head  with  yellow  M-mark 
forward  of  anterior  ocellus;  ocellar  triangle 
enclosing  a  brown  spot;  occiput  with  large 
yellow  spots,  enclosed  by  brown,  well-devel- 
oped row  of  occipital  spinules,  interrupted 
mesally  (Fig.  9  A).  Laciniae  triangular,  biden- 
tate  with  a  distinct  knob  below  subapical 
tooth;  complete  row  marginal  setae  and  scat- 
tered submarginal  setae  in  3  groups  of  2  or  3 
setae  each;  2  or  3  axillary  setae;  terminal 
tooth  about  0.35  total  outer  lacinial  length, 
and  subapical  tooth  about  0.5  length  of  ter- 
minal tooth  (Fig.  9  C).  Left  mandible  without 
deep  cleft  or  median  ventral  patch  of  setae; 
distinct  serrations  on  ventral  tooth;  row  of 
acanthae  at  base  of  dorsal  teeth  (Fig.  9  B). 
Prominent  submental  gills,  projecting  portion 
about  3  times  their  basal  diameter  (Fig.  9  E). 
Pronotum  with  faint  reticulate  light  brown 
pattern,  a  narrow  anterior  transverse  dark 
band,  posterior  brown  margin  and  light  later- 
al margins;  anterior  and  posterior  marginal 
row  of  short  setae,  sometimes  with  2  or  3 
longer  setae  on  corners.  Y-arms  of  mesoster- 
num  reach  posterior  comers  of  furcal  pits;  a 


distinctive  median  longitudinal  ridge  con- 
necting fork  of  Y  with  a  transverse  ridge  (Fig. 
9  F).  Meso-metanota  with  pairs  of  large 
round  anteromesal  light  spots  and  faint  pat- 
tern; stout  spinules  on  anterior  margins,  and 
scattered  in  darker  pigmented  areas.  Legs 
with  short,  stout  setae  and  dense  dorsal  fringe 
of  silky,  yellow  hairs  (Fig.  9  D).  Abdominal 
terga  light  brown,  somewhat  darker  ante- 
riorly, with  more  than  100  stout  intercalary 
spinules  and  posterior  row  of  short,  stout 
setae.  Posterior  setal  row  of  male  8th  abdom- 
inal sternum  uninterrupted  mesally  (Fig. 
9  G);  setal  row  of  female  8th  sternum  inter- 
rupted mesally,  and  often  notched  (Fig.  9  H). 
Cereal  segments  with  apical  whorl  of  short, 
stout  setae;  cerci  with  complete  dorsal  fringe 
of  silky,  yellow  hairs  (Figs.  9  I-K). 

Nymph  biology.—  Poorly  known  except 
brief  notes  for  the  eastern  7.  frontalis  and 
western  7.  zionensis.  We  have  found  7.  zion- 
ensis nymphs  in  small,  clear,  rock-bottomed 
creeks  and  large  silty  rivers  in  Colorado  and 
Utah;  they  are  often  the  only  large  perlodids 
in  lower  reaches  of  rivers  (Baumann  et  al. 
1977).  Mature  7.  zionensis  nymphs  are  found 
in  May  in  Colorado.  Adults  have  been  col- 
lected in  late  May  in  Utah  (Baumann  1973) 
and  Jun.  in  the  Northwest  Territories  (Ricker 
1955).  Baumann  et  al.  (1977)  gave  emergence 
times  for  7.  coluhrinus  and  7.  elongatus  as 
Mar.-Aug.  and  May-Jun.,  respectively.  Hil- 
senhoff  and  Billmyer  (1973)  and  Dosdall  and 
Lemkuhl  (1979)  reported  univoltine  life  cy- 
cles for  7.  frontalis  in  Wisconsin  and  Sas- 
katchewan, based  on  collections  of  uniformly 
large  nymphs  in  May,  emergence  in 
May-Jun.  and  appearance  of  early  instars  in 
early  Aug.  Harper  and  Pilon  (1975)  reported 
emergence  in  Jul. -Aug.  in  northern  Quebec, 
and  Shapas  and  Hilsenhoff  (1976)  found  lar- 
val Chironomidae  and  other  Diptera  in  the 
guts  of  nymphs. 

North  American  species  list/distribu- 
tion.— (1)  Isogenoides  coluhrinus  (Hagen)  — 
ALAS,  ALB,  BC,  COL,  ID,  MANIT,  MONT, 
NWT,  SASK,  UT,  WYO,  YUK,  (2)  7.  doratus 
(Frison)  -  lOW,  MICH,  PA,  QUE,  (3)  7.  elon- 
gatus (Hagen)  -  ALB,  ARIZ,  BC,  COL,  ID, 
MONT,  NM,  UT,  WN,  WYO,  (4)  7.  fron- 
talis-LAB,  MANIT,  MICH,  MINN,  NF, 
NY,  QUE,  SASK,  WISC,  (5)  7.  hansoni  (Rick- 
er) -  CONN,  MASS,  MD,  NEW  BR,  NC,  NS, 


392 


Great  Basin  Naturalist 


Vol.  44,  No.  3 


F 


H 


Fig.  9.  Nymphal  characters  of  hogenoides  zionensis:  A,  head,  pronotuin  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  $  ventral  abdomen; 
H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 

NY,  PA,  QUE,  VA,  WV,  (6)  /.  krumholzi  WISC,  (8)  /.  varians  (Walsh)  -  ILL,  IND, 
(Ricker)  -  MICH,  MINN,  (7)  /.  olivaceus  MICH,  MS,  SC,  TN,  (9)  I.  zionensis  -  ALAS, 
(Walker)  -  MICH,    MINN,    ONT,    QUE,     COL,  NM,  NWT,  UT. 
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Fig.  10.  Nymphal  characters  of  Kogotus  nonus:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  S  ventral  abdomen;  G,  ?  ventral 
abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


Kogotus  Ricker 

Type  species.—  Kogotus  nonus  (Needham 
&  Claassen). 

Previous  ntymph  descriptions/illustra- 
tions.— (1)  K.  alameda  —  none,  (2)  K.  mo- 
destus  —  Frison  (1942;  habitus,  mandibles, 
maxilla,    labium),    (3)    K.    nonus  —  Ricker 


(1952),  Baumann  et  al.  (1977);  no  previous 
nymphal  illustrations. 

Nymph  description.—  (X.  nonus)  (Figs. 
10  A-J).  Body  brown  with  dark  brown  mark- 
ings; antennae,  legs,  cerci  brown.  Head  with 
Light  M-pattern  anterior  to  darker  M,  be- 
tween antennae;  light  spot  in  ocellular 
triangle  and  2  small  light  spots  outside  lateral 
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ocelli;  occiput  light,  without  spinule  row 
(Fig.  10  A).  Laciniae  unidentate  with  6-8 
submarginal  setae  scattered  along  basal  half 
(Fig.  10  C).  Left  mandible  without  deep  cleft, 
serrations  of  teeth  or  median  patch  of  ventral 
setae;  row  of  acanthae  along  base  of  dorsal 
teeth  (Fig.  10  B).  Gills  absent.  Pronotum 
light,  encircled  with  brown  band,  except 
light  lateral  margins;  a  few  tiny  marginal 
spinules,  but  mostly  glabrous  (Fig.  10  A).  Y- 
arms  of  meso-stenium  meet  posterior  corners 
of  fiu-cal  pits;  no  transverse  anterior  suture 
connecting  furcal  pits  (Fig.  10  E)  as  in  Rick- 
era  sorpta  (Fig.  19  E).  Meso-metanota  with 
indistinct  markings  mostly  glabrous  (Fig. 
10  A).  Legs  brown  with  stout,  sharp  setae  and 
dorsal  fringe  of  silky,  golden  hairs  (Fig. 
10  D).  Abdominal  terga  with  posterior  fringe 
of  stout,  sharp  setae,  longest  mesally;  seg- 
ments 1-5,  with  fewer  than  5  intercalary 
spinules,  if  present,  and  segments  6-10,  with 
10  or  fewer  intercalary  spinules.  Both  male 
and  female  8th  abdominal  sternae  with  meso- 
posterior  interruption  of  posterior  setal  row 
(Figs.  10  F,  G).  Cereal  segments  with  apical 
whorl  of  short,  stout  setae,  and  cerci  with 
dorsal  fringe  of  silky,  golden  hairs  (Figs. 
lOH-J). 

Nymph  biology.—  Poorly  known  for  K. 
noniis  except  that  nymphs  are  rare  in  some 
intensively  studied  streams  (Sheldon  and  Jew- 
ett  1967,  Kerst  and  Anderson  1974)  and 
emerge  Apr.-Sep.  (Jewett  1959,  Sheldon  and 
Jewett  1967,  Gaufin  et  al.  1972,  Baumann  et 
al.  1977).  K.  modestus  (Banks)  is  univoltine  in 
Colorado;  final  instars  are  present  through 
Aug.  and  feed  primarily  on  Chironomidae 
and  mayflies  (Allan  1982). 

North  American  species  list/distribu- 
tion.— (1)  Kogottis  alameda  (Needham  & 
Claassen)  —  CAL,  (2)  K.  modestus  (Banks)  — 
BC,  COL,  ID,  MONT,  NM,  UT,  WYO,  (3)  K. 
norms -BC,  CAL,  ID,  MONT,  ORE,  WN, 
WYO. 

Malirekus  Kicker 

Type  species.—  Malirekus  hastatus 
(Banks). 

Previous  nymph  descriptions/illustra- 
tions.— Claassen  (1931;  labrum,  mandibles, 
maxillae,  labium,  leg,  habitus),  Frison  (1942), 


Bicker  (1952),  Bicker  (1959;  submental  gills, 
mesosternal  ridge),  Shepard  and  Stewart 
(1983;  gills). 

Nymph  description.—  (Figs.  11  A-K). 
Body  brown  with  dark  brown  markings;  an- 
tennae, legs,  cerci  light  brown.  Head  mostly 
brown  with  light  M-mark  forward  of  anterior 
ocellus;  two  light,  ovate  spots  lateral  to  oc- 
ellular  triangle,  and  light  interocellar  spot; 
two  large  ovate  occipital  spots,  broken  by 
reticulate  brown  lines  and  bordered  behind 
by  row  of  short,  blunt  spinules  (Fig.  11  A). 
Laciniae  bidentate,  with  clump  of  about  8 
stout  marginal  setae  located  on  slight  knob 
below  subapical  tooth,  and  4-5  scattered 
setae  along  middle  inner  margin;  2  or  3  scat- 
tered, short,  stout  submarginal  setae,  2-3  ax- 
illary setae  and  dense  median  ventral  patch 
of  over  60  black  clothing  setae;  terminal 
tooth  about  0.35  total  outer  lacinial  length 
and  subapical  tooth  about  0.5  length  of  ter- 
minal tooth  (Fig.  11  C).  Left  mandible  with- 
out deep  cleft,  serrations  of  teeth  or  median 
ventral  setal  patch  (Fig.  11  B).  Projecting 
portion  of  submental  gills  about  2  times  their 
basal  diameter  (Fig.  11  E).  Pronotum  mostly 
light  with  reticulate  dark  pattern  and  dark 
clothing  hairs;  margins  without  setae  (Fig. 
11  A).  Y-arms  of  mesosternum  meet  posterior 
corners  or  furcal  pits  (Fig.  11  F).  Meso-meta- 
nota with  anterior  and  posterior  mesal 
triangulate  light  spots,  and  pair  of  central 
triangulate  spots.  Femora  with  2  longitudinal 
narrow  brown  bands,  irregular  sparse  row  of 
short  spinules  along  base  of  fringe  hairs,  and 
very  sparse  intercalary  dorsal  spinules.  Fe- 
mora and  tibiae  with  dense  fringe  of  white, 
silky  hairs  (Fig.  11  D).  Abdominal  terga 
brown  with  faint  mesal,  longitudinal,  darker 
band  and  short,  dark  clothing  hairs;  fewer 
than  10  short  intercalary  spinules,  and  poste- 
rior fringe  of  very  short  setae.  Cereal  seg- 
ments with  apical  whorl  of  short  setae  and 
dorsal  fringe  of  silky,  white  hairs  (Figs. 
11  I-K).  Posterior  setal  row  of  male  8th  ab- 
dominal sternum  with  narrow  mesal  inter- 
ruption (Fig.  11  G);  8th  sternal  setal  row  of 
female  with  wide  mesal  gap  associated  with 
developing  subgenital  plate  (Fig.  11  H). 

Nymph  biology.—  Relatively  poorly 
known,  with  only  general  reference.  Abun- 
dant in  small  upland  spring  brooks  (Claassen 
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Fig.  11.  Nymphal  characters  oi  Malirekus  hastatus:  A,  head,  pronotuni  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  <5  ventral  abdomen; 
H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 

1931),  small  Appalachian  streams  (Ricker  (Kondratieff  and  Voshell  1982).  Adults  active 
1952),  1st  to  3rd  order  streams  in  ridge  and  Apr. -early  Jun.  (Kondratieff  and  Voshell 
valley,  and  Blue  Ridge  provinces  of  Virginia      1982). 
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North  American  species  list/distribu- 
tion.— Monospecific  genus;  M.  hastatus  — 
GA,  KY,  MAINE,  NC,  NY,  QUE,  SC,  TN, 

VA,  WV. 

Megarcys  Klapalek 

Type  species.—  Megarcys  ochracea 
Klapalek. 

Previous  nymph  descriptions/illustra- 
tions.— Only  nymphs  of  M.  signata  have 
been  described— Claassen  (1931),  Ricker 
(1943;  habitus,  labium,  maxilla),  Gaufin 
(1966;  mesosternum),  Gather  &  Gaufin 
(1975),  Baumann  et  al.  (1977;  mesosternum). 

Nymph  description.—  (M.  signata)  (Figs. 
12  A-K).  Body  light  brown  with  dark  mark- 
ings, and  covered  with  short,  dark  clothing 
hairs;  with  mesal,  longitudinal  band  of  sparse, 
erect,  silky,  white  hairs  on  thorax  and  abdo- 
men and  behind  arms  of  ecdysial  suture  on 
head.  Head  mostly  dark  with  light  M-pattern 
forward  of  anterior  ocellus,  small  light  round 
spots  lateral  to  ocellar  triangle,  light  hiter- 
ocellar  area,  and  nearly  complete  mesal  lon- 
gitudinal light  band;  ovate  light  occipital 
spots  inside  eyes,  broken  by  reticulate  brown 
lines  and  bordered  behind  by  row  of  spinules 
(Fig.  12  A).  Laciniae  bidentate,  with  com- 
plete row  of  about  20  marginal  setae  along 
apical  %  of  inner  margin,  a  row  of  about  15 
submarginal  setae,  2  or  3  axillary  setae,  and 
no  median  ventral  patch  of  setae;  terminal 
tooth  about  0.4  total  outer  lacinial  length  and 
subapical  tooth  about  0.5  length  of  terminal 
tooth  (Fig.  12  B).  Left  mandible  without  deep 
cleft;  ventral  tooth  with  prominent  serra- 
tions, and  median  ventral  patch  of  4  setae 
(Fig.  12  C).  Long  submental  gills,  and  a  pair 
of  curved  simple  gills  located  anterior  supra- 
coxal,  anterior  thoracic^  and  anterior  thorac- 
iCj  (Fig.  12  F).  Pronotum  mostly  dark  with 
reticulate  light  markings;  darker  areas  cov- 
ered by  dark  clothing  hairs;  a  few  short  mar- 
ginal spinules,  but  marginal  setae  absent  (Fig. 
12  A).  Y-arms  of  mesosternum  meet  anterior 
comers  of  furcal  pits  (Fig.  12  F).  Meso-meta- 
nota  with  light  vase-shaped  mesoposterior 
marking  and  pair  of  irregular  ovate  light 
spots;  covered  with  dark  clothing  hairs.  Dor- 
sal surface  of  femora  with  dark  clothing 
hairs,  except  on  a  mesal  longitudinal  band, 
and  row  of  spinules  at  base  of  fringe  hairs; 


femora  and  tibiae  with  dorsal  fringe  of  silky, 
white  hairs  (Fig.  12  D).  Abdominal  terga 
brown  with  dense  intercalary  spinules  and  a 
posterior  fringe  of  short  spinules;  faint  pairs 
of  small,  light  spots  mesally  and  laterally. 
Gercal  segments  with  apical  whorl  of  short 
setae,  and  dorsal  fringe  of  silky,  white  hairs 
(Figs.  12  I-K).  Posterior  setal  row  of  male  8th 
abdominal  sternum  with  mesal  interruption 
(Fig.  12  G);  posteromedian  portion  of  female 
8th  sternum  modified  in  shape  and  setal  pat- 
tern (Fig.  12  H). 

Nymph  biology.—  Known  only  for  M.  sig- 
nata that  has  a  imivoltine  life  cycle  (Gather 
and  Gaufin  1975,  Allan  1982),  with  early  in- 
stars  appearing  in  Jul. -Oct.,  depending  on 
elevation,  then  exhibiting  a  generally  slow 
growth  pattern.  Most  rapid  growth  occurs 
during  summer  (Allan  1982),  and  fall  and 
early  spring,  correlating  with  greatest  car- 
nivory  (Gather  and  Gaufin  1975).  Nymphs 
are  omnivorous  (Gather  and  Gaufin  1975,  Al- 
lan 1982),  feeding  primarily  on  diatoms,  chi- 
ronomids,  and  mayflies  (Richardson  and  Gau- 
fin 1971,  Gather  and  Gaufin  1975,  Peckarsky 
1980,  Peckarsky  and  Dodson  1980,  Allan 
1982).  Nymphs  prefer  swift,  aerated,  stony- 
bottomed  habitats  in  higher  elevation  streams 
(Dodds  and  Hisaw  1925,  Knight  1965,  Knight 
and  Gaufin  1966,  Stark  et  al.  1975).  Adults 
emerge  Apr. -Jul.  (Gaufin  et  al.  1966,  Gather 
and  Gaufin  1975,  Allan  1982). 

North  American  species  list/distribu- 
tion.— (1)  Megarcys  irregularis  (Banks)  —  BG, 
WN,  (2)  M.  signata  -  ALAS,  BG,  GOL,  ID, 
MONT,  NEV,  NM,  UT,  WYO,  (3)  M.  sub- 
truncata  Hanson  -  BG,  ID,  MONT,  ORE, 
WN,  (4)  M.  watertoni  (Ricker)  -  ALB,  BG, 
ID,  MONT,  (5)  M.  yosemite  (Needham  & 
Glaassen)  -  GAL,  WN. 

Oconoperla  Stark  &  Stewart 

Type  species.—  Oconoperla  weaveri  Stark 
&  Stewart. 

Previous  nymph  descriptions/illustra- 
tions.— Stark  and  Stewart  (1982a;  habitus, 
abdominal  tergum  8  and  detail  of  its  setation, 
right  mandible,  lacinia,  foreleg  and  magnified 
detail  of  its  anterior  aspect,  basal  antennal 
segments  and  detail  of  their  setation.  All  il- 
lustrations SEMs  except  habitus.) 
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Fig.  12.  Nymphal  characters  of  Megarcijs  signata:  A,  head,  pronotum  pattern;  B,  left  lacinia  (ventral);  C,  left 
mandible  (ventral);  D,  right  front  leg  (anterior);  E,  snbmental  and  thoracic  gills;  F,  mesosternal  Y-pattern;  G,  S 
ventral  abdomen;  H,  ?  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 
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Fig.  13.  Nyniphal  characters  of  Oconoperla  weaveri:  A,  head,  pronotuin  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  $  ventral  abdomen;  G,  ?  ventral 
abdomen;  H,  right  cercus  (dorsal). 


Nymph  description.—  (Figs.  13  A-H). 
Body  brown,  patterned  with  yellowish  brown 
and  covered  with  dark,  wavy  clothing  hairs; 
membranous  areas  with  purple-red  pigment 
in  living  specimens;  antennae,  cerci  yellowish 
brown.  Head  brown  with  pale  M-mark  for- 


ward of  anterior  ocellus;  pair  of  small,  irregu- 
lar light  spots  anterior  and  posterior  to  M- 
mark;  light  spot  in  interocellar  triangle;  occi- 
put dark,  with  reticulate  light  markings;  occi- 
pital spinules  absent  (Fig.  13  A).  Laciniae  bi- 
dentate  with  about  4-6  robust  setae  on  a  low 
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shoulder  below  subapical  tooth,  followed  by 
about  12  marginal  setae;  2  or  3  scattered  sub- 
marginal  setae  and  patch  of  14-16  short, 
stout  submarginal  setae  in  basal  half,  and  an 
axillary  seta;  setae  absent  from  median  ven- 
tral surface;  terminal  tooth  about  0.4  total 
outer  lacinial  length,  and  strongly  diverging 
subapical  tooth  about  0.7  length  of  terminal 
tooth  (Fig.  13  C).  Left  mandible  without 
deep  cleft,  serrations  of  teeth  or  median  ven- 
tral setal  patch;  distinct  row  of  acanthae  near 
base  of  dorsal  tooth,  and  4  robust  setae  near 
base  of  ventral  tooth  (Fig.  13  B).  Submental 
gills  absent.  Pronotum  margined  with  short 
spinules  and  notched  posterolaterally;  its  sur- 
face rugose  and  dark,  with  light  reticulate 
pattern  (Fig.  13  A).  Y-arms  of  mesosternum 
meet  posterior  comers  of  furcal  pits  (Fig. 
13  E).  Mesometanota  dark  with  light  retic- 
ulate markings  and  covered  with  dark  cloth- 
ing hairs;  margined  laterally  with  short  spin- 
ules (Fig.  13  A).  Legs  short,  stout;  outer 
(anterior)  femoral  surface  brown  with  light, 
narrow  longitudinal  band,  covered  with  sock- 
eted spinehke  setae  and  wavy,  dark  clothing 
hairs;  tibiae  brown  with  setae  and  clothing 
hairs;  no  fringe  of  silky  hairs  on  femora  or 
tibiae  (Fig.  13  D).  Abdominal  terga  brown, 
with  mesal  and  lateral  rows  of  paired  light 
spots;  surface  densely  covered  with  short, 
thick,  cm-led  setae  and  dark,  flat  clothing 
hairs;  no  distinct  posterior  fringe  of  setae. 
Cereal  segments  with  apical  whorl  of  setae; 
no  dorsal,  erect  hairs  or  silky  fringe;  each 
segment  with  3-5  stout,  erect,  long,  apical 
setae  ventrally  (Fig.  13  H).  Posterior  setal 
row  of  male  and  female  8th  abdominal  ster- 
num interrupted  (Figs.  13  F,  G),  slight  in- 
dication of  developing  subgenital  plate  in  fe- 
male (Fig.  13  G). 

Nymph  biology.—  Unknown,  except  habi- 
tat is  under  rocks  in  splash  zones  of  small 
spring  seeps  in  North  and  South  Carolina 
(Stark  and  Stewart  1982). 

North  American  species  list/distribu- 
tion.— Monospecific    genus;    O.    weaveri  — 

NC,  sc. 

Oroperla  Needham 

Type  species.—  Oroperla  barbara 
Needham. 


Previous  nymph  descriptions/illustra- 
tions.— Needham  (1933;  habitus),  Ricker 
(1952;  mandible,  maxilla),  Shepard  and  Stew- 
art (1983;  ventral  habitus,  gills). 

Nymph  description.—  (Figs.  14  A-K). 
Body  light  brown  with  brown  markings;  dor- 
sal surfaces  covered  with  short,  dark  clothing 
hairs;  erect  white,  silky  hair  fringe  behind 
arms  of  ecdysial  suture  on  head  and  as  mesal 
longitudinal  band  on  thorax  and  abdomen 
(Fig.  14  A);  antennae  brown,  legs  and  cerci 
yellowish  brown.  Head  mostly  brown  with 
pale  and  often  interrupted,  narrow,  light  M- 
mark  forward  of  anterior  ocellus;  indistinct 
light  spot  in  interocellar  space  and  paired 
light  occipital  spots  broken  by  reticulate  dark 
lines;  no  occipital  spinule  row  (Fig.  14  A). 
Laciniae  triangulate,  bidentate,  with  com- 
plete fringe  of  long  inner  marginal  setae  on 
apical  %;  2  patches  of  submarginal  setae  at 
each  end  of  marginal  fringe;  no  median  ven- 
tral patch  of  setae;  terminal  tooth  about  0.4 
total  outer  lacinial  length  and  subapical  tooth 
0.5  length  of  terminal  tooth  (Fig.  14  B).  Left 
mandible  moderately  cleft  with  large  den- 
ticles on  ventral  tooth;  median  ventral  setae 
absent  (Fig.  14  C).  Gills  as  follows:  sub- 
mental, short,  simple  anterior  thoracicj, 
double  anterior  thoracic2  and  AT3,  and 
simple  ventrolateral  on  abdominal  segments 
1-7  (Fig.  14  D).  Pronotum  with  about  even 
light  and  dark  reticulate  pattern  and  no  mar- 
ginal setae  (Fig.  14  A).  Y-arms  of  mesoster- 
num meet  posterior  corners  of  furcal  pits 
(Fig.  14  F).  Mesometanota  with  even,  light 
and  dark  reticulate  pattern,  and  no  marginal 
setae  or  spinules  (Fig.  14  A).  Femora  and 
tibiae  without  intercalary  setae  or  spinules; 
covered  with  dark,  wavy  clothing  hairs;  with 
dense  fringe  of  white,  silky  hairs  (Fig.  14  E). 
Abdominal  terga  light  brown  with  pairs  of 
mesal  and  lateral  small  dark  dots,  and  surface 
covered  with  minute  dark  freckles;  lateral 
surfaces  of  gilled  segments  (Abi.y)  are  highly 
rugose;  no  apical  tergal  fringe  of  setae  or  in- 
tercalary spinules.  Cereal  segments  with 
apical  whorl  of  short  setae  and  dense  dorsal 
fringe  of  silky,  white  hairs  (Figs.  14  I-K).  No 
posterior  setal  fringe  on  male  and  female  8th 
abdominal  sternae  (Figs.  14  G,  H);  male  8th 
sternum  with  straight  posterior  margin  (Fig. 
14  G),  and  female  with  concave  posterior 
margin  on  8th  sternum  (Fig.  14  H). 
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Fig.  14.  Nyniphal  characters  of  Oroperhi  harhara:  A,  head,  pronotum  pattern;  B,  right  lacinia  (ventral);  C,  left 
mandible  (ventral);  D,  ventrum,  showing  thoracic  and  abdominal  gills;  E,  right  front  leg  (anterior);  F,  mesosternal  Y- 
pattern;  G,  $,   ventral  abdomen;  H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 
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Nymph  biology.—  Relatively  unknown. 
The  species  is  apparently  endemic  to  rivers 
of  the  Sierra  Nevada  Mts.  of  California  (Rick- 
er  1952,  Jewett  1960,  Jewett  1966).  Nymphs 
collected  in  the  Yuba  river  in  March  1974 
emerged  in  Apr.-May  (Siegfried  et  al.  1977). 
Jewett  (1966)  observed  captive  nymphs  in- 
gesting smaller  Oroperla  and  mayfly  nymphs 
during  the  day. 

North  American  species  list/distribu- 
tion.— Monospecific  genus;  O.  barbara  — 
CAL. 

Osobenus  Ricker 

Type  species.—  Osobenus  yakimae 
(Hoppe) 

Previous  ntymph  descriptions/illustra- 
tions.—Jewett  (1955;  labium,  abdomen, 
head-pronotum,  maxilla). 

Nymph  description.—  (Figs.  15  A-J).  Body 
yellow  with  dark  brown  pattern;  antennae, 
legs  yellow;  cerci  light  brown.  Head  yellow, 
with  broad  U-shaped  brown  marking,  some- 
times broken  on  anterior  frons  by  hint  of  a 
light  M-marking;  narrow  dark  bar  from  eye 
toward  foramen,  containing  4  or  5  spinules 
near  eye  (Fig.  15  A).  Laciniae  bidentate  with 
1  or  2  axillary  setae,  2  marginal  setae  just  be- 
low subapical  tooth  and  4  or  5  short  sub- 
marginal  setae;  no  setae  on  median  ventral 
surface;  terminal  tooth  0.5  total  outer  lacinial 
length  and  subapical  tooth  about  0.5  length 
of  terminal  tooth  (Fig.  15  C).  Left  mandible 
without  deep  cleft,  serrations  of  teeth,  or  me- 
dian ventral  setal  patch;  row  of  acanthae 
along  inner  base  of  dorsal  tooth  (Fig.  15  B). 
Gills  absent.  Pronotum  encircled  with  broad 
brown  band,  leaving  irregular  diamond- 
shaped  yellow  center;  no  marginal  setae  or 
spinules  (Fig.  15  A).  Y-arms  of  mesosternum 
and  transverse  suture  touch  anterior  corners 
of  furcal  pits  (Fig.  15  E).  Mesometanota  with 
brown  pigment  bordering  a  central  butterfly- 
shaped  light  spot;  glabrous  except  for  a  few 
small  anterior  marginal  setae  (Fig.  15  A).  Fe- 
mora yellow  with  band  of  long  setae  at  base 
of  hair  fringe,  and  scattered  long  anteroven- 
tral  setae;  dorsal  fringe  of  yellow,  silky  hairs 
(Fig.  15  D).  Tibiae  with  scattered  stout  inter- 
calary setae  and  fringe  of  yellow,  silky  hairs 
(Fig.  15  D).  Abdominal  terga  yellow  with  2 
broad  longitudinal  brown  bands;  pair  of  long 


intercalary  setae  on  segments  1-9  and  2  pair 
on  segment  10;  well-developed  posterior  se- 
tal fringe  with  longest  setae  mesally.  Cereal 
segments  with  apical  whorl  of  stout  setae  and 
dorsal  fringe  of  yellow  hairs  (Figs.  15  H-J). 
Posterior  setal  row  of  male  8th  abdominal 
sternum   narrowly   interrupted  mesally   (Fig. 

15  F);  8th  setal  row  of  female  interrupted 
about  0.3  width  of  sternum  (Fig.  15  G). 

Nymph  biology.—  Unknown,  except  found 
in  large  creeks  and  rivers,  emerging  in  late 
May-early  Jul. 

North  American  species  list/distribu- 
tion.— Monospecific  genus;  O.  yakimae  — 
BC,  CAL,  ORE,  WN. 

Perlinodes  Needham  &  Claassen 

Type  species.—  Perlinodes  aurea  (Smith). 

Previous  nymph  descriptions/illustra- 
tions.— Ricker  (1952),  Baumann  et  al.  (1977), 
Stark  and  Stewart  (1982b;  habitus,  mandible, 
serrations  of  mandibular  teeth,  lacinia),  Shep- 
ard  and  Stewart  (1983;  gills). 

Nymph  description.—  (Figs.  16  A-K). 
Body  brown,  patterned  with  yellow  and  dor- 
sal surfaces  covered  with  short,  stout  spin- 
ules; tuft  of  erect,  silky,  yellow  hairs  on  occi- 
put and  as  mesal  narrow  band  on  thorax  and 
abdomen  (Fig.  16  A).  Head  mostly  dark,  with 
interrupted  M-pattern  forward  of  median 
ocellus,  2  light  round  spots  lateral  to  ocellar 
triangle  and  light  interocellar  spot;  2  light 
round  spots  inside  eyes,  broken  by  dark  retic- 
ulate lines;  stout  postocular  spinules,  occipit- 
al spinules  not  in  a  distinct  row,  continuous 
with  other  intercalary  spinules  of  head  (Fig. 

16  A).  Laciniae  triangular,  bidentate,  with 
full  fringe  of  marginal  and  submarginal  setae, 
and  distinct  row  of  about  10  stout  setae  on 
low  shoulder  at  base  of  apical  tooth;  no  me- 
dian ventral  patch  of  setae;  terminal  tooth 
0.3  total  outer  lacinial  length  and  subapical 
tooth  0.67  length  of  terminal  tooth  (Fig. 
16  B).  Left  mandible  deeply  cleft,  with  prom- 
inent serrations  of  teeth;  median  ventral 
patch  of  about  5  setae  (Fig.  16  C).  Paired 
simple  gills  present  on  submentum,  antero- 
ventral  thorax,  anterior  supra-coxalj,  and  an- 
teroventral  thorax2.3  (Fig.  16  F).  Pronotum 
brown  with  light  mesal  stripe  and  reticulate 
light  markings;  margined  by  short,  stout  spin- 
ules. Y-arms  of  mesosternum  meet  posterior 
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Fig.  15.  Nymphal  characters  of  Osohentis  ijakamae:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C, 
right  lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  <?  ventral  abdomen;  G,  ?  ventral 
abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 

comers  of  furcal  pits,  and  incomplete  trans-  nota  with  brown  pigment  bordering  a  central 
verse  arms  reaching  inward  from  anterior  butterfly-shaped  light  spot;  a  few  small  ante- 
comers  of  furcal  pits  (Fig.  16  D).  Meso-meta-      rior   marginal   setae.   Femora  mostly  brown 
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Fig.   15K.  Osohenus  ijakamae:  nymph  habitus;  scale 
hne  =  2  mm. 


with  light  mesal  longitudinal  bar;  stout  spin- 
ules  on  brown  areas,  and  dorsal  fringe  of  yel- 
low, silky  hairs;  tibiae  with  row  of  spinules  at 
base  of  yellow,  silky  hair  fringe  and  few  dor- 
sal intercalary  spinules  (Fig.  16  E).  Abdomi- 
nal tergae  brown  with  mesal  and  lateral  pairs 
of  small  yellow  spots;  dense  intercalary  spin- 
ules and  posterior  row  of  stout,  dark  brown 
spinules.  Cereal  segments  dark  brown,  with 
apical  whorl  of  stout  spinules  and  dorsal 
fringe  of  silky,  yellow  hairs  (Fig.  16 1-K). 
Posterior  setal  row  and  intercalary  spinules 
of  male  8th  abdominal  sternum  interrupted 
(Fig.  16  G);  female  with  developing  sub- 
genital  plate  and  narrowly  interrupted  poste- 
rior setal  row  on  8th  sternum  (Fig.  16  H). 

Nymph  biology.—  Relatively  poorly 
known.  Sheldon  (1972)  found  P.  aurea  to  be 
the  rarest  of  the  perlodid  complex  studied  at 
Sagehen  Creek,  but  the  species  displayed 
higher  densities  in  lower  reaches  of  the 
stream.   Growth   of  nymphs  was  similar   to 


other  perlodids  studied,  but  emergence  was 
slightly  earlier  (Apr.-Jun.)  than  for  other  per- 
lodids. Nymphs  fed  primarily  on  smaller  Dip- 
tera  found  among  periphyton. 

North  American  species  list/distribu- 
tion.— Monospecific  genus;  P.  aurea  —  ALB, 
GAL,  ID,  MONT,  ORE,  WN,  WYO. 

Pictetiella  lilies 

Type  species.—  Pictetiella  expansa  (Banks). 

Previous  nymph  descriptions/illustra- 
tions.— Claassen  (1931),  Ricker  (1952;  max- 
illa), Baumann  (1973;  habitus,  galea  tip,  left 
maxilla,  left  and  right  mandible),  Baumann  et 
al.  (1977). 

Nymph  description.—  (Figs.  17  A-I).  Body 
yellow  with  light  brown  markings,  sparse 
tufts  of  erect  silky,  yellow  hairs  behind  ecdy- 
sial  suture  of  head  and  as  a  mesal  band  on 
thorax  and  abdomen;  antennae,  legs  yellow; 
cerci  yellow  basally,  dark  brown  apically. 
Head  with  M-mark  forward  of  anterior 
ocellus,  small  spots  lateral  to  occellar  triangle 
and  largely  light  interocellar  area;  2  large  oc- 
cipital yellow  spots  inside  eyes,  bordered  be- 
hind by  incomplete  sinuate  row  of  8-10  spin- 
ules (Fig.  17  A).  Laciniae  triangular, 
bidentate,  with  8-10  scattered  marginal 
setae,  about  8  submarginal  setae,  and  2  ax- 
illary setae;  median  ventral  setal  patch  ab- 
sent; terminal  tooth  about  0.45  total  outer  la- 
cinial  length  and  subapical  tooth  about  0.6 
length  of  terminal  tooth  (Fig.  17  C).  Left 
mandible  not  deeply  cleft,  teeth  without  dis- 
tinct serrations,  and  no  median  ventral  patch 
of  setae  (Fig.  17  B).  Projecting  portion  of  sub- 
mental gills  about  2  times  their  basal  diame- 
ter (Fig.  17  E).  Pronotum  with  reticulate  pat- 
tern, nearly  complete  mesal  light  band,  and 
light  marginal  border;  marginal  setae  on  an- 
terior and  posterior  margins,  longest  on  cor- 
ners and  absent  on  0.5  of  lateral  margin  (Fig. 
17  A).  Y-arms  of  mesosternum  meet  posterior 
corners  of  furcal  pits  (Fig.  17  F).  Meso-meta- 
nota  mostly  dark  with  pair  of  light  round 
spots;  transverse  spinule  row  along  front 
ridge  of  wingpads,  continuous  with  lateral 
marginal  spinules  (Fig.  17  A).  Femora  with 
band  of  stout  setae  along  base  of  dorsal  fringe 
and  on  anteroventral  surface;  dorsal  fringe  of 
golden,  silky  hairs  (Fig.  17  D);  tibiae  with 
more  than  50  dorsal  intercalary  spinules  and 
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Fig.  17.  Nymphal  characters  of  Pictetiella  cxpansa:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  $  ventral  abdomen; 
H,  2  ventral  abdomen;  I,  basal  right  cereal  segments  (dorsal). 


fringe  of  golden,  silky  hairs  (Fig.  17  D).  Ab- 
dominal terga  brown,  with  more  than  100  in- 
tercalary spinules,  and  well-developed  poste- 


rior fringe  of  stout  setae,  longest  ones  me- 
sally.  Cereal  segments  with  apical  whorl  of 
stout   setae   and   dorsal   fringe   of  golden, 
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silky  hairs;  cerci  bicolored,  with  basal  seg- 
ments yellow  and  apical  segments  dark 
brown  (Fig.  17 1).  Posterior  setal  row  of  male 
8th   abdominal   sternum   continuous   (Fig. 

17  G);  female  with  interrupted  posterior  8th 
setal  row  and  slight  indication  of  developing 
subgenital  plate  (Fig.  17  H). 

Nymph  biology.—  Poorly  known.  Found 
in  streams  9000-9700  ft  elevation  in  Colo- 
rado (Dodds  and  Hisaw  1975,  and  unique 
among  the  Perlodinae  in  having  a  late  sum- 
mer to  fall  emergence  (July-Oct.)  (Baumann 
and  Gaufin  1969,  Baumann  et  al.  1977).  We 
successfully  reared  several  mature  nymphs 
collected  near  Provo,  Utah,  31  Jul.  1982 
within  a  period  of  3  weeks. 

North  American  species  list/distribu- 
tion.— Monospecific  genus;  P.  expansa  — 
COL,  ID,  MONT,  UT,  WYO. 

Remenus  Kicker 

Type  species.—  Remenus  hilohatus  (Need- 
ham  &  Claassen). 

Previous  nymph  descriptions/illustra- 
tions.—Claassen  (1931;  labrum,  mandible, 
maxilla,  labium),  Frison  (1942;  habitus,  man- 
dible, maxilla,  labium).  Ricker  (1952),  Hitch- 
cock (1974). 

Nymph  description.—  (Figs.  18  A-J). 
Small;  mature  nymph  less  than  10  mm;  body 
yellowish  brown  with  little  discernible  pat- 
tern. Head  with  very  faint  M-mark  forward 
of  anterior  ocellus;  no  distinct  row  of  occipit- 
al spinules;  2-4  erect,  stiff  postocular  setae 
(Fig.  18  A).  Laciniae  unidentate,  abruptly 
narrowed  near  base  (Fig.  18  C).  Left  man- 
dible not  deeply  cleft,  without  serrations  of 
teeth  or  median  ventral  setal  patch  (Fig. 

18  B).  Gills  absent.  Pronotum  with  faint  retic- 
ulate pattern;  10-14  long  erect  marginal 
setae  on  each  side  (Fig.  18  A).  Y-arms  of  me- 
sosternum  reach  posterior  corners  of  furcal 
pits  (Fig.  18  E).  Meso-metanota  with  faint 
reticulate  pattern  and  dark  brown  wingpads; 
1-3  erect  setae  anterolaterally,  and  a  few 
short  marginal  setae  (Fig.  18  A).  Femora  with 
stout,  long  setae  over  surface,  but  lacking  a 
silky  hair  fringe  (Fig.  18  D);  tibiae  with  10  or 
fewer  short  dorsal  intercalary  setae,  and  row 
of  setae  along  base  of  well-developed  golden, 
silky  hair  fringe  (Fig.  18  D).  Abdominal  terga 
light  brown,  with  fewer  than  20  intercalary 


setae  and  posterior  fringe  of  setae  of  alter- 
nate lengths,  longest  about  0.5  length  of  ter- 
gum.  Cereal  segments  with  apical  whorl  of 
long  setae,  some  longer  than  following  seg- 
ment; no  dorsal  cereal  silky  fringe  (Figs. 
18  F-J).  Posterior  setal  row  of  both  male  and 
female  8th  abdominal  sternum  internipted 
mesally  (Figs.  18  F,  G),  but  mature  male 
nymph  with  elongate  terminal  process  (Fig. 

18  F). 

Nymph  biology.—  Unknown  except  emer- 
gence is  in  Jun.  in  Great  Smoky  Mt.  National 
Park  (Frison  1942)  and  in  West  Virginia  (R. 
F.  Kirchner  collection). 

North  American  species  list/distribu- 
tion.— Monospecific  genus;  R.  bilobatus  — 
CONN,  DEL,  GA,  NC,  NY,  PA,  SC,  TN,  VA, 
WV. 

Rickera  Jewett 

Type  species.—  Rickera  sorpta  (Needham 
&  Claassen). 

Previous  nymph  descriptions/illustra- 
tions.— Jewett  (1955;  head-pronotum,  max- 
illa, labium),  Szczytko  and  Stewart  (1984; 
habitus,  mandibles,  laciniae,  mesosternum, 
cerci). 

Nymph  description.—  (Figs.  19  A-J).  Body 
light  brown  with  brown  markings;  antennae, 
legs  cerci  light  brown.  Head  with  dark, 
broad,  irregular  U-shaped  mark  connecting 
ocelli;  light  oval  interocellar  spot;  light  area 
anterior  to  median  ocellus,  sometimes  with 
faint  posterolateral  arms  forming  an  M-pat- 
tern  (Fig.  19  A).  Laciniae  triangular  and  uni- 
dentate, with  5-6  basal  marginal  spinules  and 
2-3  medially  located  marginal  spinules  (Fig. 

19  B).  Left  mandible  not  deeply  cleft,  teeth 
without  serrations,  and  no  separated  median 
ventral  patch  of  setae;  dense  row  of  un- 
socketed  acanthae  below  dorsal  tooth  (Fig. 
19  C).  Gills  absent.  Pronotum  encircled  with 
light  margin,  then  narrow  dark  band  and 
coarsely  reticulate  interior  pattern;  glabrous, 
without  setae  or  spinules  (Fig.  19  A).  Y-arms 
of  mesosternum  meet  posterior  corners  of 
furcal  pits,  and  transverse  suture  connects  an- 
terior corners  of  furcal  pits  (Fig.  19  E).  Meso- 
metanota  glabrous  without  hairs  or  spinules. 
Femora  yellowish  brown  with  darker  dorsal 
spot  in  apical  half;  band  of  setae  3-4  wide  at 


July  1984 


Stewart,  Stark:  Plecoptera  Nymphs 


407 


B 


C 


H 


F 


G 


Fig.  18.  Nymphal  characters  of  Remeniis  bilobatus:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  <;  ventral  abdomen  and  terminalia;  G, 
$  ventral  abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


base  of  golden,  silky  hair  fringe,  and  scat- 
tered over  dorsal  surface;  tibial  setal  pattern 
similar  to  femora,  and  with  golden,  silky  hair 
fringe  (Fig.  19  D).  Abdominal  terga  with 
light  mesal  spot  margined  by  brown,  giving 
abdomen  the  appearance  of  having  a  wide, 
light  mesal  band;  segments  1-4  with  fewer 
than    10   intercalary   spinules   and   segments 


5-10  with  increasing  number  of  intercalary 
spinules,  up  to  24-26.  Cereal  segments  with 
apical  whorl  of  stout  setae  and  short  dorsal 
fringe  of  golden,  silky  hairs  (Figs.  19  H-J). 
Posterior  setal  row  of  male  and  female  8th 
abdominal  sternae  interrupted  (Figs.  19  F, 
G);  mesal  posterior  margin  of  female  8th  ster- 
num shallowly  notched  and  sternae  8-10 


408 


Great  Basin  Naturalist 


Vol.  44,  No.  3 


H 


D 


F  G 

Fig.  19.  Nyniphal  characters  of  Rickera  sorpta:  A,  head,  pronotum  pattern;  B,  left  lacinia  (ventral);  C,  left 
mandible  (ventral);  D,  right  front  leg  (anterior);  E,  mesosternal  Y-pattern;  F,  $  ventral  abdomen;  G,  $  ventral 
abdomen;  H,  I,  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 

with  a  few  stout  lateral  intercalary  spinules  don  &  Jewett  1967)  to  Jul.  We  reared  adults 

(Fig.  19  G).  from  mature  nymphs  collected  6  Jul.  1979  in 

Nymph  biology.—  Unknown,   except   that  Hat  Creek,  Lassen  Volcanic  National  Park, 

emergence  occurs  in  early  to  mid-Jun.  (Shel-  California. 
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North  American  species  list/distribu- 
tion.— Monospecific  genus;  R.  sorpta  — CAL, 
ORE,  WN. 

Setvena  lUies 

Type  species.—  Setvena  bradleyi  (Smith). 

Previous  nymph  descriptions /illustra- 
tions.- (1)  S.  tibialis  -  Ricker  (1952),  Bau- 
mann  et  al.  (1977).  Nymphal  characters  have 
not  been  previously  illustrated,  except  the 
gills  (Shepard  and  Stewart  1983),  (2)  S. 
bradleyi  —  Claassen  (1931;  labrum,  man- 
dibles, maxilla,  labium). 

Nymph  description.—  (S.  bradleyi)  (Figs. 
20  A-K).  Body  brown  with  dark  brown  pat- 
tern; dorsal  surfaces  with  scattered  small  dark 
clothing  hairs;  antennae,  legs,  cerci  brown. 
Frons,  including  interocellar  area,  brown, 
with  faint  lighter  M-mark  forward  of  anterior 
ocellus;  occiput  light  brown  with  sinuate 
transverse  row  of  stout  spinules  (Fig.  20  A). 
Lacinae  triangular,  bidentate  with  tuft  of 
long  setae  on  low  knob  below  subapical  tooth 
and  continuous  row  of  inner  marginal  setae, 
group  of  submarginal  setae  basally  and  2 
stout  axillary  setae;  terminal  tooth  .035  total 
outer  lacinial  length  and  subapical  tooth 
about  0.5  length  of  terminal  tooth  (Fig.  20  B). 
Left  mandible  not  deeply  cleft,  without  ser- 
rations of  teeth;  median  ventral  patch  of 
about  10  setae,  and  separate  inner  marginal 
patch  of  setae  basally  (Fig.  20  C).  Short  sub- 
mental gills  about  1.5-2.0  times  as  long  as 
their  basal  diameter  and  fingerlike,  simple 
gills  anteroventrally  on  the  meso-  and  metas- 
temae  (Fig.  20  F).  Pronotum  light  brown 
with  narrow,  irregular,  lighter  mesal  bar,  lat- 
eral dark  longitudinal  bars  and  light  interior 
reticulate  markings;  small  spinules  along 
front  margin,  absent  along  lateral  and  poste- 
rior margins  (Fig.  20  A).  Y-arms  of  mesoster- 
num  meet  posterior  corners  of  furcal  pits  and 
sinuate  transverse  furrow  connecting  anterior 
comers  of  furcal  pits  (Fig.  20  D).  Meso-  and 
metanota  with  a  pair  of  light,  central  irregu- 
lar roimd  spots  and  other  smaller  light  retic- 
ulate markings;  transverse  row  of  dark  spin- 
ules across  front  ridge  of  wingpads;  lateral 
marginal  spinules  small  (Fig.  20  A).  Femora 
brown  with  band  of  setae  along  base  of  gold- 
en, silky  hair  fringe  and  short  setae  and  spin- 
ules along  lower  anterior   surface;   anterior 


(dorsal)  surface  covered  with  dark  clothing 
hairs,  except  mesal  band;  tibiae  covered  with 
numerous  stout  intercalary  setae  and  row  of 
setae  along  base  of  golden,  silky  hair  fringe 
(Fig.  20  E).  Abdominal  terga  brown  with 
>  100  intercalary  spinules;  posterior  fringe  of 
setae  on  segments  1-7  restricted  to  mesal  Vs, 
but  complete  on  segments  8-10,  longest  me- 
sally.  Cereal  segments  with  apical  whorl  of 
short  setae  and  dorsal  fringe  of  golden,  silky 
hairs  (Figs.  20 1-K).  Posterior  setal  row  of 
male  8th  abdominal  sternum  narrowly  inter- 
rupted (Fig.  20  G);  female  8th  posterior  setal 
row  interrupted  and  posterior  margin  of  8th 
sternum  with  developing  subgenital  plate 
mesally  (Fig.  20  H). 

Nymph  biology.—  Unknown,  except  emer- 
gence of  both  species  is  during  summer, 
Jun.-Aug.  (Baumann  et  al.  1977,  Jewett 
1959).  We  reared  one  female  S.  bradleyi  from 
a  mature  nymph  collected  26  June  1981  in 
Teepee  Creek,  Lake  Co.,  Montana. 

North  American  species  list/distribu- 
tion.- (1)  S.  bradleyi  -  ALB,  BC,  ID, 
MONT,  (2)  S.  tibialis  (Banks)  -  BC,  ORE, 
WN. 

Skwala  Ricker 

Type  species.—  Skwala  parallela  (Frison). 

Previous  nymph  descriptions /illustra- 
tions. —  (1)  S.  curvata  —  none,  (2)  S.  paral- 
lela -  Claassen  (1931),  Frison  (1942;  habitus, 
mandible,  maxilla,  labium),  Ricker  (1952), 
Baumann  et  al.  (1977),  Dosdall  and  Lehm- 
kuhl  (1979;  left  mandible,  mesosternum), 
Shepard  and  Stewart  (1983;  gills). 

Nymph  description.—  (S.  parallela)  (Figs. 
21  A-K).  Body  yellowish  brown  with  brown 
markings;  sparse  row  of  erect  white,  silky 
hairs  behind  ecdysial  suture  of  head  and  as 
mesal  row  on  thorax  and  abdomen;  antennae, 
legs,  cerci  brown.  Head  dark  with  lighter  M- 
mark  forward  of  anterior  ocellus  and  in- 
complete light  mesal  bar;  2  oval,  light  occi- 
pital spots  inside  eyes,  broken  with  reticulate 
dark  lines  and  bordered  behind  by  narrow 
band  of  stout  spinules  (Fig.  21  A).  Laciniae 
bidentate  with  tuft  of  setae  on  a  low  knob  be- 
low subapical  tooth  and  continuous  inner 
row  of  marginal  setae;  complete  band  of  sub- 
marginal  setae;  no  separate  median  ventral 
patch  of  setae;  terminal  tooth  about  0.4  total 
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Fig.  20.  Nyniphal  characters  of  Setvena  bradleyi:  A,  head,  pronotum  pattern;  B,  left  lacinia  (ventral);  C,  left 
mandible  (ventral);  D,  meso.sternal  Y-pattern;  E,  right  front  leg  (anterior);  F,  submental  and  thoracic  gills;  G,  S 
ventral  abdomen;  H,  $  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 
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Fig.  21.  Nvmphal  characters  of  Skwala  paraUela:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
lacinia  (ventral);  D,  right  front  leg  (anterior);  E,  submental  gills;  F,  mesosternal  Y-pattern;  G,  S  ventral  abdomen; 
H,  5  ventral  abdomen;  I,  J,  K,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


outer  lacinial  length  and  subapical  tooth 
about  0.6  length  of  terminal  tooth  (Fig. 
21  C).  Left  mandible  not  deeply  cleft;  ventral 


teeth  with  well-developed  serrations  and  me- 
dian ventral  patch  of  12-14  setae  present 
(Fig.  21  B).  Long  submental  gills,  projecting 
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portion  about  2.5-3.0  times  as  long  as  their 
basal  diameter  (Fig.  21  E).  Pronotum  dark 
with  light  lateral  margins,  light  mesal  band 
and  light  reticulate  interior  markings;  com- 
plete row  of  short  marginal  spinules  (Fig. 
21  A).  Y-arms  of  mesosternum  reach  anterior 
comers  of  furcal  pits  (Fig.  21  F).  Meso-  and 
metanota  with  irregular  reticulate  markings, 
darker  areas  with  intercalary  spinules;  short 
setae  across  anteriormost  transverse  ridge  of 
wingpads,  continuous  with  lateral  marginal 
setae.  Legs  brown,  dorsal  surfaces  of  femora 
and  tibiae  covered  with  short,  stout  setae, 
and  both  with  golden,  silky  hair  fringe  (Fig. 
21  D).  Abdominal  terga  brown  with  mesal 
and  lateral  pairs  of  small  light  spots;  densely 
covered  with  intercalary  setae  (>200)  and 
margined  posteriorly  with  a  close-set  row  of 
short,  stout  setae.  Cereal  segments  with  apic- 
al whorl  of  short,  stout  setae  and  dorsal  fringe 
of  golden,  silky  hairs  (Figs.  21  I-K).  Posterior 
setal  row  of  male  8th  abdominal  sternum 
more  or  less  continuous  (Fig.  21  G);  female 
8th  setal  row  narrowly  interrupted  (Fig. 
21  H). 

Nymph  biology.—  Relatively  well  known 
for  S.  parallela  and  more  generally  for  S.  cur- 
vata.  Univoltine  in  Colorado,  with  growth 
most  rapid  in  late  summer  and  fall;  growth 
slows  in  winter  but  is  continuous  to 
Feb.-Apr.,  when  emergence  occurs  (Short 
and  Ward  1980).  Young  nymphs  in  Sep.  in 
the  Gmmison  River,  Colorado,  were  highly 
carnivorous,  feeding  predominantly  on  and 
showing  positive  electivity  for  Chironomidae 
larvae  (Fuller  and  Stewart  1977).  The  diets  of 
mature  nymphs  in  early  May  were  75%  ani- 
mal matter,  primarily  mayfly  and  stonefly 
nymphs  (Fuller  and  Stewart  1977).  Richard- 
son and  Gaufin  (1971)  found  that  41  fed  guts 
of  mature  nymphs  in  Mar.-April  contained 
58.7%  animal  matter,  primarily  chironomids 
and  mayfly  nymphs,  and  40.2%  of  a  com- 
bination of  detritus,  filamentous  green  algae, 
and  diatoms.  The  species  is  found  primarily 
in  foothill  and  lower-elevation  rivers  (Knight 
and  Gaufin  1966,  1967,  Ricker  1964),  and 
generally  emergence  occurs  Feb. -Jul.,  depen- 
ding on  altitude  and  latitude  (Jewett  1959, 
Gaufin  et  al.  1972,  Baumann  et  al.  1977, 
Short  and  Ward  1980).  Sheldon  (1972)  found 
S.  ciirvata  to  be  the  most  abundant  perlodid 
in  Sagehen  Creek.  Small  nymphs  appear  in 


late  Jun.  and  display  continuous  growth  until 
emergence  from  Apr.  through  early  Jun. 
Nymphs  fed  on  a  variety  of  animal  matter  in- 
cluding Diptera,  Ephemeroptera,  Plecoptera, 
and  Trichoptera. 

North  American  species  list/distribu- 
tion.— (1)  Skwola  curvata  (Hanson)  —  BC, 
ID,  MONT,  ORE,  WN,  WYO,  (2)  S.  paral- 
lela -  ARIZ,  BC,  GAL,  COL,  ID,  MONT, 
NEV,  NM,  ORE,  SASK,  UT,  WN,  WYO. 

Yugus  Ricker 

Type  species.—  Yugus  hulhosus  (Frison). 
Previous  nymph  descriptions/illustra- 
tions.— (1)  Y.  arinus  —  Frison  (1942;  habitus, 
mandible,  maxilla,  labium,  (2)  Y.  hulhosus  — 

Frison  (1942;  habitus,  mandibles,  maxillae, 
labium),    Ricker   (1952),    (3)    Y.    innuhilus - 

none. 

Nymph  description.—  (Y.  hulhosus)  (Figs. 
22  A-J).  Body  yellow  with  light  brown  pat- 
tern; antennae,  legs,  cerci  yellow.  Head  with 
light  M-mark  forward  of  anterior  ocellus, 
bordered  on  front  and  rear  with  brown;  inter- 
ocellar  area  and  area  forward  of  ecdysial 
arms  yellow;  occiput  with  2  light  oval  spots 
inside  eyes,  faintly  broken  by  brown  lines  and 
partially  bordered  behind  by  an  outer  trans- 
verse band  of  spinules  2-4  wide  (Fig. 
22  A).Laciniae  triangular,  bidentate,  with  tuft 
of  stout  setae  on  low  knob  below  subapical 
tooth  and  continuous  inner  row  of  stout  mar- 
ginal setae;  1  or  2  axillary  setae  and  trans- 
verse band  of  setae  across  basal  ventral  sur- 
face; terminal  tooth  strongly  curved,  about 
0.33  total  outer  lacinial  length  and  subapical 
tooth  about  0.5  length  of  terminal  tooth 
(Figs.  22  C).  Left  mandible  not  deeply  cleft, 
ventral  teeth  with  barely  discernible  shallow 
serrations;  no  median  ventral  patch  of  setae 
(Fig.  22  B).  Small  nipplelike  projection  at 
posterior  corners  of  submentum  in  some  spe- 
cies we  examined  was  suggestive  of  a  very 
short  or  atrophied  submental  gill  (also  noted 
by  Frison  1942);  in  other  specimens  sub- 
mental gills  were  absent  (also  noted  by  Rick- 
er 1952,  Shepard  and  Stewart  1983).  Pro- 
notum encircled  with  narrow,  light  marginal 
band;  mesal  longitudinal  light  band  and  light 
reticulate  interior  markings;  margined  with 
short  setae  (Fig.  22  A).  Y-arms  of  mesoster- 
num meet  posterior  corners  of  furcal  pits  and 
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Fig.  22.  Nymphal  characters  of  Yi/g;/.?  hiilbosus:  A,  head,  pronotum  pattern;  B,  left  mandible  (ventral);  C,  left 
maxilla  (ventral);  D.  right  front  leg  (anterior);  E,  meso.sternal  Y-pattern;  F,  ,5  ventral  abdomen;  G,  ?  ventral 
abdomen;  H.  I.  J,  basal,  middle,  and  apical  cereal  segments  (dorsal). 


a  faint  incomplete  transverse  furrow  is  evi- 
dent in  some,  with  arms  extending  a  short 
way  inside  anterior  comers  of  furcal  pits 
(Fig.  22  E).Meso-metanota  with  mesal  light 
band  and  2  round  spots  inside  base  of  wing- 
pads;  transverse  band  of  spinules  along  front 


ridge  of  wingpads  and  short  lateral  marginal 
spinules  present  (Fig.  22  A).  Anterior  femoral 
surface  with  short,  stout  intercalary  setae  and 
dark  clothing  hairs,  except  along  mesal  longi- 
tudinal bar;  dorsal  fringe  of  yellow,  silky 
hairs;  tibiae  with  hair  pattern  similar  to  fe- 
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mora  (Fig.  22  D).  Abdominal  terga  light 
brown  except  pair  of  yellow  spots,  giving  the 
abdomen  an  appearance  of  having  a  central, 
broad,  light  longitudinal  band;  terga  with 
>50  intercalary  spinules  and  posterior  row 
of  short  setae.  Cereal  segments  with  apical 
whorl  of  short  setae  and  dorsal  fringe  of  yel- 
low, silky  hairs  (Figs.  22  H-J).  Posterior  setal 
row  of  male  and  female  8th  abdominal  sterna 
interrupted  mesally  (Figs.  22  F,  G);  female 
posterior  margin  of  8th  sternum  shallowly 
notched  mesally  at  developing  subgenital 
plate  (Fig.  22  G). 

Nymph  biology.—  Unknown,  except  emer- 
gence occurs  Apr.-early  Jun. 

North  American  species  list/distribu- 
tion.— (1)  Yugiis  arinus  (Frison)  —  GA,  NC, 
TN,  VA,  (2)  Y.  bulbosus  -  GA,  NC,  PA,  SC, 
TN,  VA,  WV,  (3)  Y.  innubilus  (Needham  & 
Claassen)  -  NC,  TN 
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CHRYSOTHAMNUS  NAUSEOSUS  SSP.  UINTAHENSIS:  A  STABILIZED  HYBRID 

Loran  C.  Anderson' 

Abstract.—  Chnjsollununus  nati.scu.sits  ssp.  uintalwnsis  (Asteraceae)  is  formally  described  and  illustrated.  The  new 
subspecies  represents  stabilized  hybrids  that  most  probably  have  C.  naiiseosus  ssp.  hololeucus  x  C.  parriji  ssp. 
(ittenuatus  ancestry.  Morphological  and  anatomical  comparisons  are  made  among  the  putatively  related  taxa. 


While  annotating  the  Chnjsotharnnus  col- 
lection at  Brigham  Young  University  a  few 
years  ago,  I  encountered  an  unusual  speci- 
men from  Uintah  County  {Welsh  ir  Moore 
6759).  It  looked  intermediate  between  C. 
nattseosus  and  C.  parryi,  and  I  labeled  it  as 
"hybrid."  Its  pollen  stainability  was  deter- 
mined to  be  60.4%.  Later  I  received  a  collec- 
tion from  Sherel  Goodrich  that  I  thought  was 
possibly  a  new  subspecies  of  C.  nauseosus.  S. 
Goodrich,  E.  Neese,  K.  Thorne,  and  I  ob- 
served the  new  subspecies  in  the  field  and 
made  collections.  Only  after  subsequent  labo- 
ratory studies  did  I  realize  that  the  new  sub- 
species and  the  Welsh  collection  were  one 
and  the  same.  Chrysothamnus  nauseosus  ssp. 
uintahensis  appears  to  be  a  stabilized  hybrid; 
it  is  technically  described  and  illustrated  (Fig. 
1),  and  aspects  of  its  biology  are  given. 

Methods  and  Materials 

Fresh  materials  oi  Anderson  5513  and  5520 
were  processed  for  anatomical  study  as  in 
Anderson  (1970).  Five  heads  were  measured 
(as  in  Anderson  1964)  for  involucral  and  flor- 
al data.  Cytological  methods  are  those  of  An- 
derson (1966). 

Taxonomy 

Chrysothamnus  nauseosus  (Pallas)  Britt. 
ssp.  uintahensis  L.  C.  Anderson,  ssp.  nov. 
Frutex  humilis  effusus  plenmique  1-2  dm 
altus,  caulibus  decumbentibus  vel  ascenden- 
tibus  tomentosis  albis;  folia  linearia  vel  oblan- 
ceolata,  1-3  cm  longa,  1-3  mm  lata,  cana  vel 
viridia,  in  ramis  floriferis  superioribus  plus 


minusve  reducta;  cyma  paniculata  compacta; 
capitula  11-13  mm  longa,  2.2-2.7  mm  lata, 
phyllariis  16-35  acuminatis  vel  cuspidatis 
subcarinatis  basi  margineque  pilis  sparsis  ob- 
sitis;  disci  flosculi  4-5  flavi,  tubis  corollanmi 
dilatatis  plerumque  8-9.2  mm  longis  dense 
breveque  pubescentibus,  lobis  1-1.5  mm 
longis;  lineae  stigmaticae  styli  appendicibus 
saepissime  breviores;  achaenia  dense 
pubescentia. 

Type:  Utah,  Uintah  Co.,  raw  sandy  clay  of 
Duchesne  River  Formation,  2  mi  ENE  of 
Lapoint,  19  September  1981,  L.  C.  Anderson 
5513  (Holotype:  BRY;  Isotypes:  FSU,  MO, 
NY,  RSA,  UC,  UTC). 

Low,  spreading  shrub  1-2(5)  dm  tall,  stems 
white  tomentose,  decumbent  or  ascending; 
leaves  grayi.sh  white  or  green,  alternate,  en- 
tire, linear  to  narrowly  oblanceolate,  1-2(3) 
cm  long,  1-2(3)  mm  wide,  falcate,  ascending, 
some  weakly  crispate,  cuspidate,  tomentose, 
more  or  less  reduced  on  upper  flowering 
branches;  inflorescence  a  tightly  congested 
paniculate  cyme;  heads  (11)11.5-12.5(13)  mm 
long,  2.2-2.7  mm  wide,  phyllaries  (16) 
18-32(35),  stramineous,  ovate  to  broadly  lan- 
ceolate, weakly  keeled  in  more  or  less  verti- 
cal rows,  sparsely  pilose-tomentose  basally  or 
on  margins,  glabrous  distally,  acute  to  acumi- 
nate or  cuspidate;  disk  flowers  (4)5,  yellow, 
corollas  (7.2)8-9.2(9.7)  mm  long,  tubes 
abruptly  dilated  at  point  of  staminal  depar- 
ture (at  ca  50%  of  total  corolla  length.  Fig. 
le),  densely  short  pubescent,  lobes 
(0.9)1.0-1.5(1.8)  mm  long,  lanceolate,  erect; 
style  10.5-13.5  mm  long,  stigmatic  lines  usu- 
ally much  shorter  than  style  appendages  at 
29-35%(52%)  of  style  branch  length;  achenes 
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Fig.  1.  Chrysothamnus  nauseosus  ssp.  uintahensis:  a,  flowering  branch  {Anderson  5513);  b,  stem  segment  of 
Anderson  5520  with  larger  leaves  (same  scale  as  a);  c,  flowering  head  of  Anderson  5520,  phyllaries  acute  and 
vertically  aligned;  d,  flowering  head  of  Anderson  ^513,  phyllaries  acuminate,  their  vertical  alignment  less 
pronounced;  e,  flower  with  characteristic  dilation  of  corolla  tube. 
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cylindric,  6  mm  long,  densely  villous,  pappus 
5.7-7.0  mm  long;  n  =  9.  Locally  established 
on  barren  sandy  clay  or  gypsiferous  clay  in 
open  desert  scnib  {Artemisia  nova,  Atriplex, 
Oryzopsis,  and  Stipa),  on  Dakota  Formation, 
Duchesne  River  Formation,  or  Mowry  Shale, 
5400-5750  ft,  (July)September-October. 

Additional  specimens  examined.—  Utah 
(all  Uintah  Co.):  type  locality,  L.  C.  Anderson 
5516  (FSU,  CS,  DS,  GH,  NA,  RM,  UT),  5517 
(BRY,  FSU),  S.  Goodrich  15263  (ASU,  BRY, 
DS,  FSU,  MO,  UTC),  19669  (BRY),  E.  Neese 
et  al.  11014  (BRY,  FSU);  3.2  mi  E  of  Lapoint, 
S.  Goodrich  ir  R.  Jepson  15944  (BRY,  FSU); 
0.4  mi  E  of  Tridell,  S.  Goodrich  19267  (BRY, 
FSU);  8  mi  W  of  Maeser,  S.  Goodrich  16427 
(BRY,  FSU);  4  mi  W  of  Maeser,  S.  L.  Welsh 
ir  G.  Moore  6759  (BRY,  FSU,  NY,  UC); 
Steinaker  Lake,  E.  D.  McArthur  ir  A.  C. 
Blauer  74-16  (SSLP),  74-17  (SSLP),  both  la- 
beled as  "C.  nauseosus  ssp.  salicifolius  x  C. 
parryi  ssp.  howardii?" ;  Red  Fleet  Reservoir, 
10.5  air  mi  NE  of  Vernal,  L.  C.  Anderson 
5520  (BRY,  FSU,  MO,  NY,  UTC);  5521  (ASU, 
BRY,  CS,  COLO,  FSU,  MO,  NA,  NY,  UT, 
UTC),  E.  Neese  ir  M.  Chatterley  9892  (BRY, 
FSU);  15  mi  E  of  Vernal,  E.  Neese  6336 
(BRY,  FSU). 

The  new  subspecies  is  striking  in  its  rather 
barren  setting  with  its  yellow  heads  con- 
trasted against  green  leaves  and  white  stems. 
Its  involucral  bracts  approach  those  of  C. 
parryi,    but    the    compact    paniculate    in- 


florescences are  attributes  of  C.  nauseosus.  A 
collection  from  Cottonwood  Creek  Canyon 
in  Emery  County,  B.  Magiiire  ir  B.  L.  Rich- 
ards 14801  (UTC),  may  belong  here  or  it  may 
be  anomalous;  its  final  disposition  has  not 
been  determined. 

Cytology 

The  chromosome  number  in  dividing  root 
tip  cells  of  Anderson  5513  is  2n  =  18.  Meiot- 
ic  material  of  Goodrich  19669  was  graciously 
supplied  by  S.  Sanderson  and  E.  D.  McAr- 
thur. I  was  able  to  confirm  their  unpublished 
count  of  n  =  9.  Good  bivalent  formation  oc- 
curs in  meiosis.  Meiotic  regularity  has  been 
noted  for  other  suspected  hybrids  (Anderson 
1966,  Anderson  and  Reveal  1966).  Micro- 
nucleoli  were  prominent  during  latter  stages 
of  meiosis  in  some  microsporocytes;  they 
have  been  noted  for  other  taxa  in  the  genus 
(Anderson  1966,  1983). 

Averages  for  pollen  stainability  in  aniline 
blue  in  lacto-phenol  are  given  for  several  col- 
lections in  Table  1  in  addition  to  the  60.4% 
reported  for  the  Welsh  collection.  Several  of 
the  collections  had  irregular  pollen  grains 
such  as  unstained  grains,  dwarf  and  giant 
grains  with  stained  protoplasts,  and  grains 
that  were  nonaperturate  or  polyaperturate. 
The  mean  pollen  fertility  for  these  popu- 
lations of  the  Uintah  Rabbitbrush  is  76.7%, 
which  is  lower  than  that  reported  for  the  Ash 


Table  L  Selected  floral  measurements  for  Chrysothamnus  nauseosus  ssp.  uintahensis  and  related  taxa. 

Involucre 


Collection 
(or  taxon) 

Anderson  5513 
Anderson  5516 
Anderson  5520 
Anderson  5521 
Goodrich  15263 
Goodrich  19267 
Neese  9892 


Pollen 
stainability 

.690 
.975 
.959 
.662 
.960 
.822 
.461 


Bract 
number 

25.2 
26.4 
19.8 
17.6 
32.4 
16.6 
28.8 


Length 
mm 

12.1 
11.7 
11.8 
11.6 
12.4 
11.6 
12.2 


Width 
mm 

2.22 
2.22 
2.40 
2.34 
2.69 
2.40 
2.76 


Means 

C  nauseosus 

ssp.  uintahensis 
C.  nauseosus 

ssp.  hololeiicus 
C.  parryi 

ssp.  attenuatus 


.767 


23.8 
16.6 
14.0 


11.9 

8.8 

13.4 


2.43 
2.33 
3.19 
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Meadow  hybrids  (Anderson  1973)  but  higher 
than  that  of  some  interspecific  hybrids  in  the 
genus  (Anderson  1966).  A  direct  correlation 
of  pollen  fertility  to  closeness  of  parental 
relationship  cannot  be  made  because  of  the 
high  variance  in  pollen  fertility  among  sus- 
pected hybrids  in  a  given  population  or  set  of 
populations  (Table  1  and  Anderson  1973). 

Floral  Morphology  and  Anatomy 

Measurements  of  selected  floral  features  of 
the  new  subspecies  are  listed  in  Table  1,  and 
means  of  the  features  for  the  subspecies  and 
possibly  related  taxa  are  given.  The  Uintah 
Rabbitbnish  is  fairly  uniform  for  involucral 
length  but  extremely  variable  for  involucral 
bract  number.  Wide  variance  in  that  feature 
has  been  noted  for  a  few  other  taxa  (Ander- 
son 1983).  Another  feature  with  considerable 
variability  is  the  relative  length  of  the  stig- 
matic lines  on  the  style  branches;  the  stig- 
matic line:style  branch  ratio  is  usually  rea- 
sonably constant  for  Chrysothamnus  taxa 
(Anderson  1964).  Variability  in  the  Uintah 
Rabbitbrush  may  relate  to  its  purported 
hybrid  background. 

Flowers  have  5-7  (usually  5)  vascular  bun- 
dles in  the  ovary  wall.  The  extra  1-2  bundles, 
when  present,  end  blindly  at  the  top  of  the 
achene  rather  than  entering  the  corolla  tube. 
Two  style  traces  are  present  as  is  standard  for 
the  genus.  Additional  traces  of  phloem  are  di- 


rected toward  the  style  base  but  terminate  at 
the  top  of  the  ovary;  that  condition  is  found 
fairly  frequently  in  C.  parryi  (Anderson 
1970).  Secretory  canals  are  not  as  frequent  in 
the  flowers  as  they  are  in  most  C.  nauseostis 
and  C.  parryi.  They  are  fairly  well  developed 
in  the  achene,  less  so  in  the  corolla,  and  ab- 
sent in  the  style.  Trichomes  are  abundant  at 
two  sites  on  the  flower.  The  twin  hairs  of  the 
achene  average  470  jum  long.  The  biseriate 
glandular  hairs  on  the  corolla  tube  usually 
have  12  cells  and  average  166  jum  long.  Tri- 
chomes are  more  abundant  on  the  corolla 
tubes  of  the  Uintah  Rabbitbrush  than  in  any 
other  Chrysothamnus. 

Relationships 

Gross  morphology  justifies  placing  the  new 
subspecies  in  C.  nauseosus,  but  morphology 
of  the  involucre  plus  certain  anatomical  fea- 
tures strongly  suggest  that  C.  parryi  is  in- 
volved with  its  parentage.  The  most  likely 
ancestral  parents  are  C.  nauseosus  spp.  holo- 
leucus  and  C.  parryi  ssp.  attenuatus.  The 
Uintah  Rabbitbrush  has  floral  morphology 
that  is  largely  intermediate  to  those  two,  i.e., 
involucral  length  and  width  (Table  1),  phyl- 
lary  shape  and  alignment  (Fig.  1),  involucral 
pubescence,  corolla  lobe  length,  and  stigmat- 
ic line-style  branch  length  ratio.  The  new 
subspecies  is  distinctive  in  its  increased  phyl- 
lary  number  and  reduced  corolla  length. 


Table  1  continued. 


Disk  flower 

Flower 
number 

Corolla 

length 

mm 

Corolla 
lobe 

length 
mm 

Style 

length 

mm 

Style 

branch 

mm 

Stigmatic 

line: 

Style 
branch 

Pappus 
mm 

5.0 

8.04 

1.02 

11.2 

3.77 

.296 

6.24 

5.0 

7.97 

0.91 

12.8 

3.74 

.494 

6.80 

4.6 

9.50 

1.68 

13.0 

3.58 

.326 

6.14 

5.0 

8.31 

1.05 

13.3 

3.62 

.324 

7.02 

4.8 

8.30 

1.10 

10.6 

4.70 

.521 

6.23 

5.0 

8.74 

1.22 

11.0 

4.02 

.290 

6.96 

4.6 

8.06 

1.01 

11.1 

3.34 

.354 

5.70 

4.9 

8.42 

1.14 

11.9 

3.82 

.372 

6.44 

5.0 

8.98 

0.90 

12.8 

2.86 

.532 

6.44 

5.3 

9.62 

1.64 

14.4 

4.56 

.339 

9.31 
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Floral  anatomy  correlates  well  with  other 
phylogenetic  indicators  in  Chnjsothamniis 
such  as  karyology,  aspects  of  gross  morphol- 
ogy, and  environmental  preferences.  The  in- 
dex of  specialization  (on  a  scale  of  10),  as  de- 
termined from  floral  vasculature  and 
secretory  canal  abundance  (Anderson  and 
Fisher  1970),  ranges  from  7.3  to  7.9  for  C. 
nauseosus  ssp.  uintahensis.  Indices  for  C. 
natiseosus  ssp.  hololeucus  and  C.  parryi  ssp. 
attenuatus  are  5.4-5.6  and  5.2-5.6,  respec- 
tively. Interestingly,  the  suggested  level  of 
specialization  for  the  new  subspecies  (defi- 
nitely derived)  is  higher  than  that  of  the  pa- 
rental groups  even  though  one  might  expect 
its  floral  anatomy  to  be  intermediate  to  that 
of  the  parents. 

Uintah  County  is  the  northeastern  bound- 
ary of  the  ranges  for  both  suspected  parental 
taxa.  Actually,  all  interspecific  hybridizations 
in  Chrysotliamnus  occur  at  the  edge  of  the 
range  of  at  least  one  of  the  parental  species 
even  though  the  two  parental  taxa  may  be 
largely  sympatric.  Apparently  some  break- 
down of  internal  genetic  barriers  accom- 
panies the  general  stressing  that  must  occur 
in  geographically  peripheral  populations 
(Anderson  1966). 

The  Uintah  Rabbitbrush  is  well  established 
in  a  specific  ecological  setting.  Abundance 
and  distinctive  morphology  qualify  these 
stabilized  hybrids  for  taxonomic  recognition. 
Since  no  general  conclusions  about  the  most 
appropriate  way  to  treat  such  populations 
taxonomically  exist  (Raven  1980),  I  choose  to 


recognize  them  as  a  subspecies  of  C.  nau- 
seosus because  the  majority  of  their  expressed 
characteristics  show  that  affinity. 
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DIATOMS  OF  THE  MIDDLE  FORK  OF  THE  SALMON  RIVER  DRAINAGE, 
WITH  NOTES  ON  THEIR  RELATIVE  ABUNDANCE  AND  DISTRIBUTION 

C.  E.  Cashing'  and  S.  R.  Rushforth- 

Abstract.—  a  total  of  145  species  of  diatoms  was  collected  from  13  sites  in  the  Middle  Fork  of  the  Salmon  River 
drainage,  Idaho,  USA.  Achnantht's  minutissima  was  the  prevalent  species  with  an  importance  index  of  19.25.  Cluster 
analysis  revealed  2  main  site  groupings,  sites  above  the  entrance  of  Loon  Creek  and  sites  below.  The  entrance  of 
Loon  Creek  (6th  order)  increases  the  Middle  Fork  of  the  Salmon  River  to  a  7th  order  stream.  Shannon-Weiner 
diversity  values  were  generally  high. 


We  have  been  characterizing  the  algal 
flora  of  Intermountain  western  North  Ameri- 
ca for  the  past  several  years.  At  present,  we 
are  characterizing  the  diatom  floras  of  sever- 
al important  stream  systems  in  this  area  to 
add  information  to  a  general  diatom  flora  of 
tlie  region  (Squires  et  al.  1973,  Lawson  and 
Rushforth  1975,  Benson  and  Rushforth  1975, 
Clark  and  Rushforth  1977,  Ross  and  Rush- 
forth 1980,  Rushforth  et  al.  1981a,  Johansen 
and  Rushforth  1981,  and  Cushing  et  al.  1983). 
Our  studies  have  also  extended  to  standing 
waters  and  other  unique  environments  (e.g., 
Evenson  et  al.  1981,  Felix  and  Rushforth 
1979,  Rushforth  et  al.  1981b,  St.  Clair  and 
Rushforth  1976,  and  others). 

The  purpose  of  this  paper  is  to  document 
the  species  of  diatoms  in  the  Middle  Fork  of 
the  Salmon  River  in  Idaho  and  several  of  its 
important  tributaries  (Marsh  Creek,  Indian 
Creek,  East  Fork  of  Indian  Creek,  Loon 
Creek,  and  Big  Creek).  We  also  determined 
distributional  patterns  within  this  system  and 
performed  several  statistical  analyses  of 
abimdance.  Data  also  are  given  for  one  site 
on  the  main  Salmon  River,  just  below  the 
confluence  with  the  Middle  Fork  (see  Fig.  1 
for  collection  sites). 

Methods 

Field 

Samples  were  collected  between  23  July 
and  1  August  1978.  Diatom  collections  were 


made  by  brushing  rocks  with  a  stiff-bristle 
brvish  and  collecting  the  algae  in  plastic  bags. 
All  samples  were  sent  to  the  Philadelphia 
Academy  of  Natural  Sciences  for  identi- 
fication and  enumeration.  At  the  academy 
permanent  slides  were  prepared  and  1000 
valves  were  randomly  identified  and  enumer- 
ated from  each  site. 


Fig.  1.  Diagram  of  the  Middle  Fork  of  the  Salmon 
River,  Idaho,  and  its  main  tributaries.  Black  dots  show 
sampling  sites. 


'Environmental  Sciences  Department,  Battelle-Pacific  Northwest  Laboratories,  Richland,  Washington  99352. 
■Department  of  Botany  and  Range  Science,  Brigham  Young  University,  Provo,  Utah  84;/02. 
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These  data  were  collected  as  part  of  a 
more  extensive  sampling  regime  intended  to 
evaluate  the  influence  of  tributaries  on  cer- 
tain ecological  variables  and  predictions  of 
the  River  Continuum  Concept  (Vannote  et 
al.  1980).  For  a  more  complete  description  of 
the  sampling  sites  and  other  data  from  these 
studies,  see  Bruns  et  al.  (1982),  Cushing  et  al. 
(1983),  and  Bruns  et  al.  (1984). 

Statistical  Analyses 

An  "important  species"  index  for  diatom 
species  encountered  was  calculated  by  multi- 
plying the  percent  of  a  taxon  in  all  samples 
(frequency  of  occurrence)  by  its  average  per- 
cent relative  density  in  all  samples  (Ross  and 
Rushforth  1980).  This  method  is  often  used  in 
studies  of  terrestrial  vegetation  (Warner  and 


Harper  1972)  and  is  advantageous  since  it 
considers  both  the  frequency  of  occurrence 
of  a  species  together  with  its  percent  relative 
density  in  each  sample. 

Similarity  indices  between  the  13  samples 
collected  were  calculated  following  the 
methods  of  Ruzicka  (1958).  Calculated  sim- 
ilarity indices  were  then  clustered  following 
Sneath  and  Sokal  (1973)  to  examine  if  pat- 
terns of  diatom  distribution  were  evident.  Di- 
atom community  diversity  was  measured  for 
each  sample  using  the  Shannon-Wiener  di- 
versity index  (Shannon  and  Weaver  1949, 
Patten  1962). 

Results  and  Discussion 

There  were  145  species  of  diatoms  identi- 
fied from  these  samples  (Table  1).  Cushing  et 


Table  1.  Diatom  distribution  and  percent  relative  abundance  in  the  Middle  Fork  of  the  Salmon  River,  Idaho, 
drainage. 


Locat 

ion^ 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Achnanthes  austriaca  v.  helvetica  Hust. 

_b 

0.2 

_ 

_ 

— 

_ 

_ 

_ 

_ 

_ 

_ 

0.1 

0.4 

A.  biporomo  Hohn  &  Hellerm. 

— 

0.1 

— 

— 

— 

0.2 

— 

0.2 

0.1 

0.1 

_ 

0.2 

0.7 

A.  detha  Hohn  &  Hellerm. 

0.1 

1.1 

— 

0.1 

— 

0.3 

— 

— 

0.5 

0.3 

_ 

1.0 

_ 

A.  didijma  Hust. 

— 

— 

— 

— 

— 

— 

— 

0.1 

— 

_ 

— 

_ 

_ 

A.  exigua  v.  heterovalva  Krasske 

— 

0.2 

_ 

0.1 

— 

— 

— 

0.1 

0.2 

0.2 

_ 

0.1 

_ 

A.  lanceokita  (Breb.)  Grun. 

5.6 

3.3 

18.1 

5.5 

3.1 

5.1 

0.7 

1.3 

14.7 

3.1 

0.4 

3.8 

0.5 

A.  lanceolata  v.  dttbia  Grun. 

0.1 

0.2 

— 

0.3 

0.2 

0.4 

— 

— 

— 

0.3 

_ 

0.6 

— 

A.  laterostrcita  Hust. 

— 

0.7 

— 

— 

— 

0.2 

— 

— 

— 

0.1 

_ 

0.3 

— 

A.  lewisiana  Patr. 

— 

0.6 

— 

— 

0.5 

1.6 

— 

0.1 

0.3 

0.8 

— 

1.7 

0.1 

A.  linearis  (W.  Sm.)  Gnm. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.2 

A.  linearis  v.  pusillo  Grun. 

— 

0.1 

— 

— 

— 

— 

— 

— 

— 

1.7 

0.2 

0.1 

0.3 

A.  murginulata  Gnm. 

0.1 

0.1 

— 

— 

— 

— 

— 

— 

0.4 

— 

— 

— 

0.1 

A.  mimitissima  Kiitz. 

31.5 

11.5 

5.2 

41.2 

9.6 

29.2 

0.5 

20.4 

27.1 

62.6 

14.9 

16.2 

16.3 

A.  peragalli  Bnm  &  Herib. 

— 

0.3 

— 

— 

— 

— 

— 

0.1 

— 

0.1 

— 

— 

— 

A.  peragalli  v.  parvula  (Patr.)  Reim. 

— 

0.2 

— 

- 

— 

— 

- 

— 

— 

- 

- 

- 

- 

A.  pinnata  Hust. 

— 

— 

— 

— 

— 

— 

— 

0.1 

— 

— 

0.1 

— 

0.1 

Amphora  ovalis  v.  pediculus  (Kiitz.) 

V.H.  ex  DeT. 

0.5 

0.6 

— 

0.2 

0.1 

— 

— 

0.2 

— 

0.2 

0.4 

— 

— 

A.  perpusilla  (Grun.)  Gnm. 

0.3 

0.2 

— 

0.3 

0.2 

0.7 

0.1 

0.4 

0.1 

— 

1.0 

0.1 

0.1 

Caloneis  hacillum  (Grun.)  CI. 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.1 

Cocconeis  diminuta  Pant. 

0.1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

_ 

— 

— 

C.  pediculus  Ehr. 

0.1 

_ 

_ 

_ 

_ 

_ 

_ 

0.1 

_ 

_ 

0.5 

_ 

_ 

C.  placentula  Ehr. 

— 

— 

0.2 

0.2 

0.1 

0.1 

— 

— 

— 

— 

— 

— 

— 

C.  placentula  v.  eughjpta  (Ehr.)  CI. 

4.5 

4.7 

6.5 

1.6 

5.0 

12.2 

2.2 

8.3 

2.8 

3.2 

2.8 

2.1 

0.1 

C.  phcenttda  v.  lineata  (Ehr.)  V.H. 

2.3 

7.6 

16.0 

0.7 

9.5 

3.0 

1.4 

2.2 

1.7 

1.4 

0.2 

1.8 

0.7 

C.  thumensis  A.  Mayer 

— 

— 

— 

— 

— 

0.1 

— 

— 

— 

— 

— 

— 

— 

Cyclotella  meneghiniana  Kiitz. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0.1 

— 

Cijmhclla  affinis  Kiitz. 

— 

0.1 

— 

— 

0.1 

— 

— 

— 

0.2 

0.1 

5.9 

— 

0.2 

C.  hrehmii  Hust. 

- 

- 

- 

- 

- 

- 

- 

7.6 

0.1 

0.1 

0.2 

- 

- 

*1— Indian  Creek 
2— Middle  Fork  below  Indian  Creek 
3— East  Fork,  Indian  Creek 
4— Lxxjn  Creek 

Blank  denotes  absence 


5— Middle  Fork  above  Loon  Creek  9— Middle  Fork  below  Big  Creek 

6— Middle  Fork  below  Loon  Creek  10— Middle  Fork  above  Salmon  River 

7— Big  Creek  11— Salmon  River  below  Middle  Fork,  Salmon  River 

8— Middle  Fork  above  Big  Creek  12— Middle  Fork  at  Daggar  Falls 

13— Marsh  Creek 
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Table  1  continued. 


Location^ 


Specie.s 


3 


9      10      11      12      13 


C.  cymbifomiis  (Ag.)  Ag. 

C.  microccphaki  Gnin. 

C.  niinuta  Hilse  ex  Rabh. 

C.  tninuta  v.  latens  (Krasske)  Reiin. 

('.  luiniita  V.  silesiaca  (Bleisch  ex  Rabh.) 

Reini. 
C.  mintita  muelleri  Hust. 
C.  naviculiformis  Auersw.  ex  Heib. 
C.  prostmta  (Berk.)  CI. 

C.  sinttcita  Greg 
Dcnticula  elegans  Kiitz. 
Didtoma  tcntie  Ag. 

D.  vulgare  Bory 

D.  vulgare  v.  breve  Gnin. 
Didtomella  balfouriana  Grev. 
DidijiiiospJienia  geminata  (Lyngb.) 

M.  Schmidt 
Epithemia  adnata  (Kiitz.)  Breb. 
£.  sorex  (Kiitz.) 

E.  turgida  (Ehr.)  Kiitz. 

Etinotia  pectinalis  v.  minor  (Kiitz.)  Rabh. 
E.  rabenhorstii  v.  monodon  Grun. 
E.  tenella  (Gmn.)  CI. 

E.  tridentuki  Ehr. 
Fragilaria  brevistriata  Gnin. 

F.  construens  v.  exigua  (W.  Sm.)  Schulz 
F.  construens  v.  pumila  Grun. 

F.  construens  v.  subsalina  Hust. 

F.  construens  v.  venter  (Ehr.)  Grun. 

F.  intennedia  Gnin. 

F.  leptostauron  (Ehr.)  Hust. 

F.  pinnata  Ehr. 

F.  pinnata  v.  lancetttila  (Schum.)  Hust. 

F.  vaucheriae  (Kiitz.)  Peters. 
Gomphoneis  eriense  (Gnin.)  Skv.  &  Meyer 

G.  herculeana  (Ehr.)  CI. 

G.  herculeana  v.  robusta  (Gmn.)  CI. 

Gomphonema  angustatum  (Kiitz.)  Rabh. 

G.  brasiliensis  Gmn 

G.  clevei  Fricke 

G.  intricatum  Kiitz. 

G.  olivacetim  (Lyngb.)  Kiitz. 

G.  olivaceoides  Hust 

G.  parvulurn  (Kiitz.)  Kiitz. 

G.  subclavatum  (Gmn.)  Grun. 

Hannaea  arcus  (Ehr.)  Patr. 

Hantzschia  amphioxys  (Ehr.)  Grun. 

Melosira  distans  v.  alpigena  Grun. 

M.  italica  (Ehr.)  Kiitz. 

A/,  italica  v.  tenuissima  (Grun.)  O.  Miill. 

M.  varians  C.  A.  Ag. 

Meridian  circulare  (Greg.)  Ag. 

Navicida  anglica  Ralfs 

A^.  arvensis  Hust. 

N.  bryophila  Peters. 

N.  cincta  (Ehr.)  Ralfs 

N.  cocconeiformis  Greg,  ex  Grev. 

N.  convergens  Patr. 

N.  contenta  v.  biceps  (Arn.)  V.  H. 

N.  cryptocephala  Kiitz. 


2.3 


0.1     0.7 


2.8     2.2     2.8 
-     0.2       - 


0.5     0.7     1.2 
1.3     0.9     0.1 


3.1     0.6 


0.4     0.4 
0.1     0.5 


— 

— 

0.5 

0.5 

0.3 

— 

0.1 

0.1 

0.2 

— 

0.4 

0.2 

0.1 

— 

— 

0.1 

3.0 

0.2 

1.2 

1.5 

2.3 

0.7 

1.1 

5.1 

- 

- 

- 

- 

0.1 

- 

0.2 

0.8 

0.2 

0.1 

0.3 

0.2 

0.7 

_ 

0.4 

2.0 

0.3 

— 

0.3 

0.1 

0.1 

— 

0.2 

0.1 

0.1 


0.1 


0.6     1.2     0.4 


0.1 
0.3 
1.2 
0.4 


0.4     0.1 


0.1 


2.0     1.5     0.2     3.0     0.3     1.6     0.1     0.8     1.6     2.2     0.8     1.2     0.5 


- 

- 

— 

-       -     0.2 

— 

— 

— 

-       -     0.1 

0.3 

— 

0.5 

1.2     0.1     0.1 

0.2 

0.6 

0.5 

-     0.7     0.8 

— 

0.1 

— 

-       -     0.1 

____________  0.1 

0.4     0.4       -       -     1.5       -       -     7.9     0.1     0.3       -  0.3  - 

-  0.2       -     0.1     1.1     0.3       -     5.7     1.3     2.6     2.9  -  - 

-  1.7  -  -  2.9  1.7  0.4  6.8  0.6  0.6  0.1  2.3  - 
0.1       __________  0.1  - 

_     0.1       ---------  0.2  - 

____________  0.1 

-----     0.1       -     0.1     0.1       -       -  0.2  - 

____________  0.2 

0.4     8.7       -     0.7     4.0     1.1     0.1     1.3     2.9     2.8     0.6  2.9  3.4 

-  2.7       -       -     0.3     0.5       -       -     0.8     1.1       -  2.1  1.3 

-  0.4       -----       -     0.5     0.2       -  0.7  0.1 

____________  0.2 

0.1     1.2     0.1     0.3     0.6     0.5       -     0.8     0.2     0.7     0.5  0.7  1.2 

1.7  10.5       -     0.8     6.1     3.8     0.7     1.6     4.2     3.8     1.9  10.2  7.2 

0.2     0.5       _     0.1       -     0.4       -       -       -       -       -  0.2  0.3 

5.5     6.8  31.8     8.0     5.5     3.3     1.0     1.2     5.3     4.8  15.6  5.3  7.2 

0.2       -     0.4     1.7     0.1       -     0.1       -     1.4     3.3     0.2  0.1  - 

0.4     0.2       _     1.9       -       -     0.4       -     0.5     0.8       -  -  0.1 

0.2       -       -     0.5       -       -       -       -       -     0.1     0.2  -  - 

__     0.4       --------  0.2  0.1 

0.2     0.9       -     0.3       -     1.9       -     2.7     0.1     0.1       -  0.4  - 

4.2     4.6     4.1     3.1     4.2     4.6     0.7     3.2     2.8     2.7     6.1  5.4  1.7 

0.3     4.5     1.9     0.2     0.8     5.0     1.0     2.9     1.1     1.2     3.5  1.8  0.4 

-  0.1  -  4.4  0.1  0.1  0.2  -  0.2  0.1  -  -  - 
0.6  0.7  0.4  6.2  -  1.2  -  0.3  0.6  1.4  0.8  0.4  0.4 
0.5  -  0.9  0.3  -  0.1  -  0.1  -  0.1  0.1  0.1  - 
0.1  0.1  0.2  0.5  -  0.5  -  0.3  -  0.2  -  -  0.1 
3.1     0.3     1.0     5.9     0.4     0.6     0.1     0.4     0.7     0.6     0.3  2.5  4.3 

-------     0.1     0.6       -       -  -  - 

_     0.6       -       -       -     0.2       -       -     0.1       -       -  0.4  3.4 

_     0.3       -       -     0.2       -       -     0.6     0.1       -       -  0.2  0.6 

0.4     2.6       -       -     0.8       -       -       -     0.3     0.3       -  1.9  1.2 

0.4     0.1     0,3       -       -       -       -     0.1     0.1       -       -  0.3  0.3 

___________  0.1- 

0.2       ------     0.1       -       -       -  -  - 

_       _     0.1       -       -       -       -     2.2       -     0.3       -  -  - 

0.1       -     0.3     0.3     0.1     0.2       -     0.4     0.2     0.2       -  0.1 

___________  0.1- 

___________  0.1- 

_____     0.1       -       -     0.1       -       -  -  - 

_____     0.1       -       -       -     0.4       -  0.2  0.1 
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Table  1  continued. 


Species 


Location'' 

1        2        3        4        5        6        7        8        9      10      11  12  13 

1.2     0.6     2.6     0.2     To     1.9     0.2     2.0     0.7     0.2     2.7  0.7  0.1 

0.1       ----------  0.1  - 

0.2       ----------  0.1  - 

0.5       -     0.1     0.1     0.1       -     0.2     0.2     0.3       -     0.1     0.1 
0.8     2.5     0.3       -     0.4     0.7       -     0.1     0.5     0.7       -     1.8     0.6 
-----     0.2       -     0.1       -       -       -       -       - 

-------     1.1     1.6     0.3       -       -       - 

-------     0.1     0.1     0.4       -     0.4       - 

0.2       ------------ 

-  0.1       -------     0.1       -       -     0.1 

---------     0.1     0.2       -       - 

___________     0.1- 

_     0.5       ----------- 

-  0.1       -       -       -     0.1       -----     0.1       - 

0.3     0.2     0.2     0.4     0.1     0.9       -     0.6     0.2     1.0     1.7  0.4       - 

___________  0.1- 

0.4       -       -       -     0.1       -       -       -       -     0.3     0.1  -       - 

0.3     0.2       -       -     0.1     0.1       -     0.3     0.1       -     0.1  0.4       - 

0.2     0.1       ________     0.1  -- 

11.7     0.6     0.2     0.1  29.5     0.3  87.0     0.1     2.5     3.9     1.0  0.4       - 

0.1       -       -     0.1       -       -       -     0.2       -       -       -  0.3     0.1 

-  -     0.1     0.1     0.2     0.9       -     0.9     0.1     0.4     0.1  -       - 
_____     0.1       -       -       -       -     0.1  -       - 

-  -       -       -     0.1       -------     0.2 

-  0.1       ------     0.1     0.1       -     0.2       - 

0.2     0.1       _     0.1       -       -       -     0.1       -       -       -       -     0.2 

0.3       -----------       - 

-0.3       -       -     0.2       -       -  0.1  0.2  0.4  1.0  0.1  - 

1.4       -     0.3     0.9     0.7     1.0       -  -  0.2  0.3  1.3  -  0.3 

0.1       ------  0.1  0.1  0.4  -  -  0.2 

0.4     0.7     0.7     0.5     0.3     0.6     0.1  1.0  1.8  0.7  1.2  1.3  0.1 

1.0     2.2     0.4     1.3     1.5     1.9     0.1  3.5  2.9  5.3  1.6  5.0  1.1 

0.2     0.1       -       -       -     0.1       -  -  -  0.1  -  0.1  - 

0.3       -  -  0.1       -----     0.1     3.7     0.8  0.2 

0.1       -  -  -       -     0.1       ------  - 

1.9     0.2  -  0.2       -     0.5     0.2     0.5     0.5     0.4     0.2     0.5  0.4 

__  0.2  ------     0.1       -     0.1  - 

-------     0.3     1.3     0.2     0.1     0.1     0.1 

0.1       ____________ 

0.8  0.1     1.3     0.6     0.5     3.6     0.1     3.0     0.7     0.2  17.1     0.1     0.1 

_  0.1       ----------- 

-------     0.1     0.1       -       -     0.1       - 

_  0.1       ----------- 

0.1  ____________ 

0.2  1.4       -       -       -     0.4     0.9     0.2     1.4     2.9     3.5     0.2       - 

-  0.9     0.2       -     0.1     0.2       -     0.2     0.5     0.3     0.2     2.6  17.6 
1.0  0.5       -     0.1     0.4     0.6     0.1       -     0.6     0.5     0.1     2.1     1.7 

_     0.3       -------     0.1       -       -     0.2 

0.4       -     0.7       -     0.1       -       -       -     0.2     0.3       -       -     0.5 

1.4     1.3       -     0.4     .5.2     0.5     1.1     0.8     5.4     4.1     1.6  10.1   12.1 

-----     0.1       ------     0.1 


N.  cryptocephala  v.  veneta  (Kiitz.)  Rabh. 

N.  digna  Hust. 

N.  indifferens  Hust. 

N.  medioptmctata  Hust. 

N.  mcnisctihis  Schuni. 

N.  ntinima  Grun. 

N.  minusciila  Grun. 

iV.  mutica  Kiitz. 

N.  mutica  v.  cohnii  (Hilse)  Grun. 

A^.  mutica  v.  undulata  (Hilse)  Grun. 

N.  ochridana  Hust. 

iV.  pelliculosa  (Breb.  ex  Kiitz.)  Hilse 

N.  pseudoscutifonnis  Hust. 

N.  pupula  Kiitz. 

N.  pupula  V.  capitata  Skv.  &  Meyer 

N.  pupula  V.  rectangularis  (Greg.)  Grun. 

iV.  radiosa  Kiitz. 

N.  radiosa  v.  tenella  (Breb.  ex  Kiitz.) 

Grun. 
iV.  rhynchocephala  Kiitz. 
N.  salinarum  v.  intermedia  (Grun.)  CI. 
N.  sclwenfeldii  Hust. 
N.  secreta  v.  apiculata  Patr. 
N.  scminulum  Gnin. 
N.  tantula  Hust. 

N.  tripunctata  (O.F.  Miill.)  Bory 
N.  viridula  (Kiitz.)  emend  V.H. 
Nitz.'schia  angusta  (W.Sm.)  Grun. 
N.  amphibia  Gnui. 
N.  hicata  Hust. 
N.  confinis  Hust. 
N.  dissipata  (Kiitz.)  Grun. 
iV.  dissipata  v.  media  Hantz. 
N.  fonticola  Grun. 
N.  frustulum  Kiitz.)  Rabh. 
iV.  frustulum  v.  perminuta  Grun. 
N.  frustulum  v.  suhsalina  Hust. 
N.  gracilis  Hantz. 
N.  kuetzingiami  Hilse 
N.  recta  Hantz. 
N.  romami  Grun. 
A',  tropica  Hust. 
Pinntdaria  biceps  Greg. 
r.  borealis  Ehr. 
P.  mesolepta  (Ehr.)  W.  Sm. 
P.  obscura  Krasske 
P.  subcapitata  Greg. 
Rhoicosphenia  cunata  (Kiitz.)  Grun.  ex 

Tabh. 
Rhopalodia  gibba  (Ehr.)  O.  Miill. 
R.gibberula(Yhr.)0.  Miill. 
Stauroneis  anceps  Ehr. 
S.  kriegeri  Patr. 
Synedra  mazcmmensis  Sov. 
.S.  minuscula  Grun. 
S.  rumpens  Kiitz. 

S.  rumpens  v.  familiaris  (Kiitz.)  Hust. 
S.  rumpens  v.  fragilarioides  Grun. 
S.  nmipens  v.  meneghiniana  Griui. 
S.  ulna  (Nitz.)  Ehr. 
Tabellaria  flocculosa  (Roth)  Kritz. 
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al.  (1983)  reviewed  the  general  distribution  of 
the  dominant  species  and  stated  that  the 
Middle  Fork  system  is  characterized  by  an 
Achnanthes  minutissima  Kutz. -Fragilaria 
pinnato  Ehr. -Navicula  semimthim 
Grun. -Cocconeis  placentula  Ehr.  species 
complex.  Their  analysis  did  not  include  the 
samples  from  the  East  Fork  of  Indian  Creek, 
nor  were  statistical  methods  used.  Both  have 
been  included  in  the  present  analysis  and  al- 
ter the  dominant  species  complex  somewhat. 
Achnanthes  minutissima  (importance  value 
=  19.25)  is  the  prevalent  diatom  throughout 
the  system  in  terms  of  both  occurrence  and 
numbers.  Navicula  seminuhim  (9.75),  Fragi- 
laria vaucheriae  (Kiitz.)  Peters  (7.79),  Ach- 
nanthes lanceolata  (Breb.)  Grun.  (5.02),  Coc- 
coneis placentula  var.  euglypta  (Ehr.)  Gl. 
(4.31),  Cocconeis  placentula  var.  lineata 
(Ehr.)  V.H.  (3.73),  Fragilaria  pinnata  (3.73), 
Gcnnplionema  clevei  Fricke  (3.65),  and  Sy- 
nedra  ulna  (Nitz.)  Ehr.  (3.14)  are  the  other 
dominant  taxa  in  the  Middle  Fork  system 
(Table  2).  Although  Navicula  seminuhim  is 
foimd  throughout  the  Middle  Fork  system,  its 
relatively  high  importance  value  is  related  to 
its  high  abundance  in  Big  Greek;  this  occur- 
rence is  also  reflected  in  the  Shannon-Weiner 

Table  2.  Importance  values  (percent  presence  x  aver- 
age frecjiiency)  of  the  dominant  diatom  species  collected 
from  the  Middle  Fork  of  the  Salmon  River  drainage, 
Idaho. 


Achnanthes  minutissima 

Na vicu la  seminuhim 

Fragilaria  vaucheriae 

Aclinantlies  lanceolata 

Cocconeis  placentula  var.  eughjpta 

Cocconeis  placentula  var.  Uneata 

Fragilaria  pinnata 

Gomphonema  clevei 

Synedra  uh}a 

Rhoicosplienia  curvata 

Nitzschia  frustuhtm  var.  perminuta 

Fragilaria  construens  var.  pumila 

CAjmhcUa  minuta 

Gomplionema  intricatum 

Hannaca  arcus 

Sijnedra  minuscula 

CymheUa  sinuata 

Navicula  crijptocephala  var.  vcncta 

Epithcmia  turgida 

Gomphoncis  hcrculeana  var.  robusta 

Nitzschia  frustulum 

Epithcmia  sorcx 

Sijncdra  maz^wiaensis 

Cijmbella  minuta  var.  silesiaca 

Synedra  rumpens 


19.25 

9.75 
7.79 
5.02 
4.31 
3.73 
3.73 
3.65 
3.14 
2.17 
2.14 
2.05 
2.05 
1.89 
1.55 
1.35 
1.22 
1.08 
0.91 
0.85 
0.72 
0.67 
0.59 
0.50 
0.50 


value  of  1.1  at  this  site  (Table  3).  The  above 
taxa  are  common  components  of  stream  sys- 
tems both  in  Europe  (Johansson  1980,  Ka- 
weka  1981)  and  North  America  (Lawson  and 
Rushforth  1975,  Ross  and  Rushforth  1980). 

Our  cluster  analysis  produced  two  groups 
of  sample  locations  (Fig.  2).  Although  the 
clustering  was  not  tight,  a  general  pattern 
was  evident.  The  first  group  of  sites  (Middle 
Fork  below  Big  Greek,  Middle  Fork  above 
Salmon  River,  Middle  Fork  below  Loon 
Greek,  Indian  Greek,  Loon  Greek,  and 
Middle  Fork  above  Big  Greek),  with  the  ex- 
ception of  Indian  Greek,  essentially  make  up 
the  lower  sections  of  the  Middle  Fork  drain- 
age below  Loon  Greek.  The  second  group 
(Middle  Fork  below  Indian  Greek,  Middle 
Fork  at  Daggar  Falls,  Marsh  Greek,  and 
Middle  Fork  above  Loon  Greek)  constitutes 
the  upper  drainage  basin  section  above  Loon 
Greek.  It  is  perhaps  significant  that  the 
Middle  Fork  of  the  Salmon  changes  from  6th 
to  7th  order  where  it  receives  6th  order  Loon 
Greek.  This  results  in  a  33%  increase  in  flow 
volume  (J.  T.  Brock,  pers.  comm.)  and  a 
coincident  increase  in  mean  depth  since  the 
channel  width  does  not  change  markedly  at 
this  location.  Similarly,  Bruns  et  al.  (1982)  re- 
ported that  the  largest  portion  of  ecological 
change  in  the  Middle  Fork  drainage  system 
occurred  upstream  of  the  entrance  of  Loon 
Greek,  and  only  slight  changes  occurred  be- 
low. Bruns  et  al.  (1982)  were  using  link  analy- 
sis, rather  than  stream  order,  and  the  site  at 
Loon  Greek  was  at  link  magnitude  1000.  The 
final  three  sites  were  atypical  of  the  rest  and 
clustered  with  them  at  low  values.  These  sites 

Table  3.  Shannon-Wiener  diversity  index  values  for 
13  sites  on  the  Middle  Fork  of  the  Salmon  River  drain- 
age, Idaho. 

Site  Diversity 


Marsh  Creek 

Middle  Fork  at  Daggar  Falls 
Indian  Creek 

Middle  Fork  below  Indian  Creek 
East  Fork,  Indian  Creek 
Loon  Creek 

Middle  Fork  above  Loon  Creek 
Middle  Fork  below  Loon  Creek 
Big  Creek 

Middle  Fork  above  Big  Creek 
Middle  Fork  below  Big  Creek 
Middle  Fork  above  Salmon  River 
Salmon  River  below  Middle  Fork, 
Salmon  River 


4.2 
4.8 
4.2 
4.8 
3.3 
3.6 
3.9 
4.3 
1.1 
4.6 
4.3 
4.7 

4.2 
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Middle  Fork  below  Big  Creek 

Middle  Fork  above  Salmon  River 

Middle  Fork  below  Loon  Creek 

Fiii. 
id  ib 


Indian  Creek 


Loon  Creek 


Middle  Fork  above  Big  Creek 


Middle  Fork  below  Indian  Creek 


Middle  Fork  at  Daggar  Falls 


Marsh  Creek 


Middle  Fork  above  Loon  Creek 


Salmon  River  below  Middle  Fork  SR 


East  Fork  Indian  Creek 


Big  Creek 


2.   Deiidrograni  showing  results  of  cluster  analysis  of  13  sites  on  the  Middle  Fork  of  the  Salmon  River,  Idaho, 
tributaries. 


included  the  main  Salmon  River  below  the 
Middle  Fork,  the  East  Fork  of  Indian  Creek, 
which  is  a  small,  heavily  shaded  3rd  order 
site,  and  Big  Creek,  which  had  high  detritus 
standing  crops  (G.  W.  Minshall,  pars,  comm.) 
and  low  species  diversity. 

Calculated  Shannon-Weiner  diversity  val- 
ues are  generaly  quite  high  (Table  3).  All  val- 
ues exceeded  3.3  with  the  exceptions  of  the 
East  Fork  of  Indian  Creek  and  Big  Creek. 
Highest  diversities  were  found  in  the  Middle 
Fork  below  Indian  Creek  (4.8),  in  the  Middle 
Fork  at  Daggar  Falls  (4.8),  and  at  the  mouth 
of  the  Middle  Fork  (4.7).  No  general  pattern 
was  evident  in  these  data,  with  high  and  low 
values  generally  distributed  throughout  the 
system. 

This  study  has  presented  data  on  the  domi- 
nant diatoms  in  the  Middle  Fork  of  the 
Salmon  River  system.  Future  floristic  and 
ecological  studies  in  this  region  should  en- 
hance our  initial  species  list  and  will  further 
contribute  knowledge  of  the  diatoms  of  west- 
ern North  America. 
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NOTES  ON  THE  WHITE-TAILED  ANTELOPE  SQUIRREL, 

AMMOSPERMOPHILUS  LEVCURUS,  AND  THE  PINYON  MOUSE, 

PEROMYSCUS  TRUEI,  IN  NORTH  CENTRAL  NEVADA 

Michael  J.  OTarrell'  and  William  A.  Clark' 

Abstract.—  a  four-season  live  trapping  study  in  the  Whirlwind  Valley,  on  the  Lander  and  Eureka  county  lines 
near  the  Humboldt  River,  yielded  two  species  previously  unrecorded  from  both  counties,  Ammospermophihis 
leucurus  and  Peromijsciis  tniei.  Both  records  represent  minimal  airline  range  extension  of  113  and  105  km.  It  is 
suggested  that  the  distribution  of  A.  lettctirus  may  include  the  entire  northeastern  quadrant  of  Nevada.  The 
occurrence  of  P.  triiei  in  sagebrush  habitat  21  km  from  the  nearest  pinyon  woodland  is  unusual  and  suggests  that  this 
species  mav  occur  patchilv  distributed  throughout  the  lower  elevation  ranges  in  the  northern  portion  of  the  state. 


A  recent  baseline  inventory  study  in  the 
Whirlwind  Valley,  Lander  and  Eureka  coun- 
ties, Nevada,  furnished  several  noteworthy 
observations  of  small  mammals.  A  substantial 
range  extension  for  the  white-tailed  antelope 
squirrel  {Ammospennophihis  leucurus)  was 
dociunented.  Also,  a  range  extension  and  an 
unusual  habitat  occurrence  was  found  for  the 
pinyon  mouse  {Peromyscus  truei). 

Seasonal  data  were  obtained  on  five  trap- 
ping plots  that  sampled  representative  habi- 
tat types  for  the  area.  Four  plant  associations 
(Cronquist  et  al.  1972)  occurred  within  the 
study  area:  Shadscale  Association  dominated 
by  shadscale  {Atriplex  confertifoUa),  budsage 
{Artemisia  spinescens),  peppergrass  (Lepi- 
dium  perfoliatum),  and  small  star  {Microsteris 
gracilis);  Big  Sagebrush  Association  domi- 
nated by  big  sagebrush  {Arteniisia  tridentata), 
Nevada  bluegrass  {Poa  nevadensis),  snake- 
weed (Gutierrezia  sarothrae),  and  small  star; 
Greasewood  Association  dominated  by 
greasewood  {Sarcobatus  venniculatus),  ink- 
weed  {Suaeda  fruticosa),  and  smallscale  {Atri- 
plex pusilla);  Marsh-Meadow  Association 
dominated  by  saltgrass  {Distichlis  stricta), 
wire  rush  {Juncus  balticus),  and  sedge  {Carex 
sp.). 

Plot  I  (T31N,  R47E,  Sec.  24  NWVa  of 
SWy4)  was  placed  to  sample  a  combination  of 
Shadscale  and  Big  Sagebrush  associations  and 
was  situated  at  the  base  of  the  Malpais  es- 
carpment. Plot  2  (T31N,  R47E,  Sec.  13  SWy4 
of  SEi/4)  sampled  a  relatively  homogeneous 


area  of  Shadscale  Association.  Plot  3  (T31N, 
R48E,  Sec.  18  NWi/4  of  NE1/4)  was  placed  in 
homogeneous  Marsh-Meadow  Association. 
Plot  4  (T31N,  R48E,  Sec.  4  SE1/4  of  SEV4)  was 
placed  in  relatively  homogeneous  Grease- 
wood Association.  These  plots  were  on  the 
valley  floor,  whereas  Plot  5  (T31N,  R48E, 
Sec.  20  SW'/i  of  SWVi)  was  placed  in  homo- 
geneous Big  Sagebrush  Association  on  the 
Malpais  escarpment,  approximately  152  m 
elevation  above  the  valley  floor. 

Trapping,  using  standard  Sherman  live 
traps,  was  conducted  for  six  consecutive 
nights  each  in  May,  July,  and  September 
1982  and  January  1983  during  the  new  moon 
phase.  Each  trapping  plot  consisted  of  two 
parallel  lines  transected  by  four  assessment 
lines  (modified  from  O'Farrell  et  al.  1977) 
covering  an  area  of  about  22  ha. 

The  July,  September,  and  January  sam- 
pling periods  yielded  multiple  captures  of  A. 
leucurus  on  Plots  1,  2,  and  5.  On  Plot  1  two 
adult  individuals  of  each  sex  were  captured 
in  July  and  September.  They  occurred  only 
in  the  big  sagebrush  component  of  the  habi- 
tat, associated  with  a  wash;  mean  vegetation 
height  was  90.0  cm  and  cover  was  35.0%. 
Plot  2  yielded  three  adults,  two  males  and 
one  female,  in  July,  September,  and  January. 
Most  captures  occurred  in  relatively  pure 
shadscale;  mean  vegetation  height  was  19.4 
cm  and  cover  was  17.8%.  On  Plot  5,  only  one 
adult  male  was  captured  in  July;  mean  vege- 
tation height  was  40.6  cm  and  cover  was 
28.7%. 


'WESTEC  Services,  Inc.,  4241  South  Ridgeview  Drive,  Las  Vegas,  Nevada  89103. 
'1425  North  Vagedes,  Fresno,  Cahfomia  93728. 
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From  many  years  of  personal  observation 
in  southern  Nevada,  one  of  us  (M.J. OF.)  has 
noted  that  A.  Icuciinis  is  commonly  seen  dur- 
ing the  crepuscular  hours,  particularly  along 
roadways.  Also,  during  the  spring  and  sum- 
mer months,  the  species  is  quite  evident  by 
characteristic  "trilling"  vocalizations.  How- 
ever, in  the  Whirlwind  Vallev  no  vocaliza- 
tions were  heard  and  only  a  few  individuals 
were  observed  running  around  the  rocky  hill- 
sides at  the  base  of  the  Malpais  escarpment 
in  July  and  September.  No  others  were  ob- 
served, except  in  traps,  throughout  the  rest  of 
the  valley. 

Hall  (1981)  provides  the  most  recent  exam- 
ination of  the  distribution  of  A.  leucurus  over 
its  entire  range.  The  distribution  in  Nevada 
excludes  the  north  central  and  most  of  the 
northeastern  portion  of  the  state.  The 
Whirlwind  Valley  location  represents  an  air- 
line range  extension  of  about  113  km  (70  mi) 
from  the  nearest  recorded  location  at  the  S 
base  of  Granite  Peak,  east  range,  Pershing 
Coimty;  three  mountain  ranges  lie  between 
these  two  locations.  The  remaining  known  lo- 
cations occur  in  a  nearly  complete  circle 
around  tlie  Whirlwind  Valley  location  at  dis- 
tances not  exceeding  274  km  (170  mi).  We 
suggest  that  systematic  sampling  throughout 
the  northeastern  portion  of  Nevada  may  re- 
veal the  presence  of  A.  leucurus,  justifying  a 
major  modification  of  present  range  maps. 

During  the  last  half  of  the  study,  we  ob- 
tained captures  of  P.  truei  on  Plots  1  and  5. 
An  adult  male  was  captured  only  once  on 
Plot  1  in  September;  the  point  of  capture 
was  in  homogeneous  Shadscale  Association. 
Four  adults,  two  of  each  sex,  were  captured 
on  Plot  5  during  September  and  January.  A 
female  captured  in  September  was  in  a  post- 
lactating  condition.  All  individuals  were 
caught  in  homogeneous  Big  Sagebrush  Asso- 
ciation with  rocky  substrate. 

The  most  recent  projected  range  map  for 
P.  truei  (Hall  1981)  indicates  that  the 
Whirlwind  Valley  is  at  the  estimated  edge  of 
the  range.  However,  a  more  detailed  exam- 
ination of  the  known  distribution  in  Nevada 
(Hall  1946),  using  the  same  locations  as  the 
more  recent  work,  show  the  nearest  location 
to  the  Whirlwind  Valley  as  the  W  side  of 
Ruby  Lake,  about   105  km  (65  mi)  distant. 


Also,  there  are  no  records  of  P.  truei  in  either 
Lander  or  Eureka  counties. 

The  occurrence  of  P.  truei  in  pure  stands  of 
either  Big  Sagebrush  or  Shadscale  associ- 
ations is  unusual  considering  that  the  nearest 
pinyon  habitat  is  over  21  km  (1.3  mi)  away 
from  the  sampling  locations.  Hall  (1946)  re- 
ported this  species  restricted  to  pinyon  wood- 
land with  rocky  substrate.  Douglas  (1969) 
found  that  P.  truei  was  not  resident  in  brush 
areas  that  lacked  pinyon  logs,  although  the 
mouse  would  venture  into  adjacent  habitat  to 
occasionally  forage.  He  further  noted  that 
rocky  substrate  was  not  required;  however, 
populations  tended  to  be  higher  in  such  areas 
due  to  use  of  rocks  as  subsidiary  nesting 
areas. 

Although  the  capture  on  Plot  1  was  ob- 
viously a  transient  individual,  the  presence 
and  increase  in  numbers  over  a  two-season 
period  on  Plot  5  indicates  a  resident  status. 
Inasmuch  as  the  nearest  pinyon  woodland  is 
far  removed,  we  surmise  that  P.  truei  is 
patchily  distributed  throughout  the  Big  Sage- 
brush Association  in  the  Shoshone  Range,  of 
which  the  Malpais  escarpment  is  a  projec- 
tion. This  may  be  the  case  for  many  of  the 
lower  mountain  ranges  in  central  and  north- 
ern Nevada.  Such  scattered  populations  may 
fluctuate  greatly  depending  on  available  re- 
sources and  reproductive  success  in  optimal 
habitat.  They  may  also  serve  to  maintain  the 
genetic  integrity  of  the  species.  Further  work 
with  these  populations  is  certainly  warranted. 
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GENETICS  OF  HYBRIDIZATION  BETWEEN  THE 

POCKET  GOPHERS  THOMOMYS  BOTTAE  AND  THOMOMYS  TOWNSENDII  IN 

NORTHEASTERN  CALIFORNIA 

James  L.  Patton',  Margaret  F.  Smith',  Roger  D.  Price%  and  Ronald  A.  Hellenthal' 


.\bstract.—  Hybridization  between  the  pocket  gophers  Thomomys  hottae  and  T.  townsendii  at  Gold  Run  Creek  in 
Honey  Lake  Valley,  Lassen  County,  California,  is  examined  by  electromorphic  and  morphologic  characters  and  by 
the  distribution  of  ectoparasitic  mallophagan  lice.  Hybrid  formation  is  minimal  (about  12%  of  the  total  sample  of  104 
individuals  examined),  but  both  Fj  hybrids  and  a  few  presumptive  backcross  individuals  are  apparent.  Nevertheless, 
no  evidence  of  genie  introgression  based  on  five  diagnostic  allozyme  loci  is  present  in  parental  populations  of  either 
taxon  within  a  mile  of  the  hybrid  zone.  Similarly,  louse  species  unique  to  each  parental  gopher  host  do  not  penetrate 
beyond  the  geographic  limits  of  the  genetic  hybrid  zone  into  the  range  of  the  opposite  gopher  species.  A  narrow 
zone  of  hybridization  is  thus  concordantly  defined  by  genetic,  morphologic,  and  ectoparasitic  parameters.  These  two 
gopher  taxa  are  thus  geneticallv  if  not  reproductivelv  isolated  and  should  be  considered  separate  biological  species. 


Thaeler  (1968)  was  the  first  to  record  hy- 
bridization between  the  pocket  gophers 
{Thomomys  hottae  and  Thomomys  townsendii 
in  the  Honey  Lake  Valley  region  of  north- 
eastern California.  His  study  encompassed  a 
multivariate  morphometric  assessment  of  cra- 
nial and  pelage  color  characters,  and  he 
clearly  demonstrated  presumptive  hybrid  in- 
dividuals based  on  morphological  inter- 
mediacy.  The  possibility  of  limited  gene  ex- 
change between  the  two  species  was  thus 
raised.  In  his  study,  Thaeler  compared  the  ex- 
tent of  hybridization  between  hottae  and 
townsendii  with  that  between  intergrading 
subspecies  of  T.  hottae  in  central  California, 
using  the  differential  extent  of  hybrid  forma- 
tion as  a  basis  for  making  judgements  as  to 
specific  status.  Hall  (1981),  citing  Thaeler's 
results,  considered  townsendii  to  be  con- 
specific  with  hottae  (but  used  the  name  um- 
hriniis),  based  on  his  view  (Hall  1943a,b, 
1981:viii-ix)  that  any  hybridization  between 
taxa  indicates  a  lack  of  reproductive  isolation 
and  thus  conspecific  populations. 

In  a  series  of  reports  examining  the  nature 
of  genetic  and  reproductive  interactions  in  a 
range  of  hybrid  zones  of  the  Thomomys  hot- 
tae grovip  of  pocket  gophers,  we  have  at- 
tempted to  draw  the  distinction  between  re- 


productive and  genetic  isolation  between 
taxa,  and  have  provided  a  set  of  operational 
criteria  for  defining  species  limits  in  situa- 
tions of  hybrid  formation  (see  Patton  et  al. 
1979,  Patton  1981).  We  have  argued  that 
when  hybrid  formation  is  restricted  to  the  Fj 
generation,  genetic  isolation  is  complete  even 
though  reproductive  isolation  is  not.  From  an 
evolutionary  standpoint,  the  degree  of  gen- 
etic isolation  is  the  significant  component  in 
any  assessment  of  the  systematic  status  of 
particular  hybrid  situations.  Thus,  the  species 
T.  hottae  and  T.  umhrinus  are  genetically 
(and  evolutionarily)  separate  units  although 
they  form  occasional  hybrids  at  one  point  of 
parapatric  contact  (Patton  et  al.  1972,  Patton 
1973).  In  contrast,  the  various  morphologi- 
cally, karyotypically,  and/ or  genically  differ- 
entiated units  of  T.  hottae  that  have  been  ex- 
amined at  points  of  contact  show  wide  ranges 
of  backcross  hybrid  formation,  with  genie  in- 
trogression extending  beyond  the  limits  of  a 
morphologically  and  ecologically  defined 
hybrid  zone  (e.g.,  Colorado  River  [Smith  and 
Patton  1981];  White-Sacramento  Mountains 
[Patton  et  al.  1979];  Rio  Grande  Valley 
[Smith  et  al.  1983];  Sangre  de  Cristo  Moun- 
tains [Hafner  et  al.  1983]).  Such  evidence  for 
genie   introgression   fully  supports   the  view 
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that  these  populations  belong  to  but  a  single 
biological  species.  In  these  cases,  neither  re- 
productive nor  genetic  isolation  is  present. 

Thaeler's  (1968:548,  Fig.  1)  morphological 
analysis  suggested  a  population  composition 
of  about  20-30%  hybrid  individuals  at  two 
areas  of  contact  between  T.  bottae  and  T. 
townsendii  in  the  Honey  Lake  Valley  region 
in  Lassen  County,  California:  Gold  Run 
Creek  south  of  Susanville  (between  T.  h. 
saxatilis  and  T.  t.  relictus)  and  Gamier  Ranch 
to  the  southeast  of  Honev  Lake  (between  T. 
b.  canus  and  7^  toivnsendii  relictus).  This  esti- 
mate is  considerably  higher  than  the  11-15% 
hybrid  proportion  in  the  contact  between  T. 
bottae  and  T.  utnbriniis  in  Arizona  (Patton 
1973)  but  is  substantially  lower  than  that  be- 
tween fully  intergrading  subspecies  of  T.  bot- 
tae (e.g.,  T.  b.  pascalis  and  T.  b.  mewa  in  cen- 
tral California,  >76%  [Thaeler  1968];  T.  b. 
actuosus  and  T.  b.  ruidosae  in  south  central 
New  Mexico,  >81%  [Patton  et  al.  1979]). 
The  extent  of  bottae  x  townsendii  hybridiza- 
tion and  Thaeler's  (1968)  recognition  of  pos- 
sible backcross  hybrid  individuals  suggests 
that  genetic  isolation  may  not  be  complete 
between  these  taxa.  This  raises  the  possibility 
that  Hall's  (1981)  view  regarding  con- 
specificity  of  these  forms  may  be  correct. 

We  have  approached  this  problem  by 
combined  genetic  and  morphological  analy- 
ses of  specimens  from  the  contact  zone  of 
bottae  saxatilis  and  townsendii  relictus  in 
Gold  Rmi  Creek.  Genetic  studies  were  limit- 
ed to  electromorphic  analysis  of  protein  vari- 
ation; the  morphological  analysis  in- 
corporated a  multivariate  assessment  of  the 
placement  of  genetically  known  individuals 
to  which  could  be  compared  the  series  origi- 
nally examined  by  Thaeler,  for  which  no  gen- 
etic data  are  available.  Additionallv,  an  inde- 
pendent perspective  of  the  geographic  extent 
of  potential  introgression  was  obtained  by  ex- 
amining the  distribution  of  mallophagan  lice 
on  gopher  specimens  collected  in  the  Gold 
Run  Creek  area.  Parental  populations  of 
townsendii  and  bottae  serve  as  hosts  for 
Geomydoecus  idahoensis  and  G.  shastensis, 
respectively,  both  of  which  are  included  in 
the  oregonus  complex  by  Price  and  Hellen- 
thal  (1980).  Previous  investigations  of 
Geomydoecus  lice  have  shown  them  to  exhib- 
it a  high  degree  of  host  specificity  and  to 
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Fig.  1.  Map  of  Ciold  Run  Creek  south  of  Susanville, 
Lassen  County,  California,  showing  location  of  parental 
Thomomijs  bottae  saxatilis  and  T.  toivnsendii  relictus 
samples  and  hybrid  zone.  Inset:  detailed  map  of  hybrid 
zone  showing  trap  localities  of  individual  pocket  goph- 
ers collected:  genetic  parents,  Fj,  and  backcross  hybrids 
are  indicated. 

support  genetically  based  separations  of 
gopher  populations  (Hellenthal  and  Price 
1976). 

Materials  and  Methods 

Electrophoresis.—  104  individuals  from 
Gold  Run  Creek  formed  the  basis  for  the  ma- 
jority of  the  analysis  reported  here.  These  in- 
clude: (a)  20  specimens  of  presumptive  T.  b. 
saxatilis  trapped  at  the  head  of  Gold  Run 
Creek,  about  1.5  miles  above  the  hybrid  zone 
defined  by  Thaeler  (1968);  (b)  21  specimens 
of  presumptive  T.  t.  relictus  trapped  about  1 
mile  northea.st  of  the  mouth  of  Gold  Run 
Creek;  and  (c)  63  individuals  from  within  the 
hybrid  zone  along  the  lower  reaches  of  Gold 
Run  Creek  (Fig.  1).  Sample  (a)  was  collected 
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during  a  single  day  in  June  1981;  samples  (b) 
and  (c)  were  collected  over  a  five-day  period 
in  March  1982.  Additional  specimens  of 
townsendii  were  available  from  the  eastern 
end  of  Honey  Lake  Valley  (Garnier  Ranch 
[N  =  14]  and  vicinity  of  Herlong  [N  =  44]) 
and  from  Standish  (N  =  18),  about  14  miles  to 
the  east  of  Susanville.  The  additional  speci- 
mens are  from  Patton  and  Yang  (1977)  and 
Rogers  (1983). 

Electrophoretic  procedures  followed  those 
used  in  previous  studies  with  Thotnomys 
pocket  gophers  (e.g.,  Patton  et  al.  1972,  Pat- 
ton and  Yang  1977,  Smith  and  Patton  1981). 
Twenty-five  presumptive  loci  were  examined 
for  population  samples  of  bottae  saxatiJis  and 
townsendii  trapped  away  from  the  hybrid 
zone  to  identify  those  loci  with  alleles  diag- 
nostic to  the  two  taxa  (LDH-1  and  -2,  MDH- 
1  and  -2,  IDH-1  and  -2,  GOT-1  and  -2, 
aGPD,  IPO,  Pept-1,  SDH,  6PGD,  PGM, 
PGI,  ADH,  Est-4,  ADA,  Ga3PDH,  Alb,  pre- 
Alb,  Trf,  MPI,  Acon-1,  and  NP).  Only  those 
loci  so  diagnostic  were  examined  for  individ- 
uals trapped  within  the  hybrid  zone. 

MoRPHOMETRics.—  Morphological  varia- 
tion was  examined  for  14  cranial  variables,  as 
defined  in  previous  studies  (Patton  et  al. 
1979,  Smith  and  Patton  1984):  occipito-nasal 
length  (ONL),  basilar  length  of  Hensel  (BaL), 
zygomatic  breadth  (ZB),  mastoid  breadth 
(MB),  least  interorbital  constriction  (IOC), 
rostral  length  (RL),  nasal  length  (NL),  rostral 
width  (RW),  diastema  length  (DL),  maxillary 
tooth  row  length  (MTRL),  palatal  width 
(PW),  bullar  length  (BuL),  rostral  depth  (RD), 
and  incisive  procumbancy  (PRO).  External 
dimensions  were  excluded  because  of  the  var- 
iance in  the  way  individual  investigators 
measure  particular  characters.  Only  speci- 
mens judged  to  be  adult  by  criteria  of  the 
closure  of  the  basisphenoid-basioccipital  and 
exoccipital-supraoccipital  sutures  were  uti- 
lized in  the  analysis. 

Middorsal  pelage  color  characteristics,  in- 
cluding relative  brightness  (  =  value),  excita- 
tion purity  (  =  chroma),  and  dominant  wave- 
length (  =  hue),  were  determined  by  use  of  a 
Bausch  and  Lomb  Spectronic  505  recording 
spectrophotometer  with  a  visible  reflectance 
attachment.  Only  individuals  in  adult  pelage 
were  examined. 


Males  and  females  were  treated  separately 
in  the  analysis  of  cranial  characters  due  to 
pronounced  sexual  dimorphism;  both  sexes 
were  grouped  for  the  colorimetric  analyses. 

The  level  of  differentiation  between  the 
taxa  in  question  and  the  possibility  of  individ- 
uals of  morphological  intermediacy  were  ex- 
amined by  the  multivariate  techniques  of 
principal  components  and  discriminant  func- 
tion analyses,  using  the  program  packages 
from  MBS  Consulting  and  SPSS  (Nie  et  al. 
1975),  respectively,  with  the  CDC  6400  com- 
puter at  the  University  of  California  at 
Berkeley. 

Host  parasite  association.—  Lice  were 
collected  by  brushing  the  gopher  skin  and 
were  subsequently  mounted  on  microslides 
and  identified  to  species  without  prior 
knowledge  of  host  identification  or  genetic 
information.  Host  parasite  association  and  lo- 
cality data  obtained  in  this  study  were  eval- 
uated using  a  computerized  taxonomic  and 
geographic  analysis  system  maintained  on  an 
IBM  370/168  computer  at  the  University  of 
Notre  Dame  (see  Hellenthal  and  Price  1980). 
Mounted  lice  are  deposited  in  the  University 
of  Minnesota  insect  collection. 

Results  and  Discussion 

Genic  variation,  hybrid  formation,  and 
iNTROGRESsioN.—  Samples  of  T.  b.  saxatilis 
from  the  head  of  Gold  Run  Creek  (N  =  20) 
differ  by  apparently  fixed  alleles  at  five  loci 
when  compared  to  those  of  T.  t.  relictus  col- 
lected from  Standish  and  the  southeastern 
parts  of  Honey  Lake  Valley  (combined 
N  =  76):  6PGD,  aGPD,  NP,  Acon-1,  and  pre- 
Alb.  At  an  additional  three  loci  (Trf,  Est-4, 
and  ADH),  although  the  same  dominant  al- 
lele characterizes  both  taxa,  secondary  alleles 
were  restricted  to  one  or  the  other  (Table  1). 
This  set  of  loci  can  be  used,  therefore,  as  gen- 
etic markers  to  identify  unequivocally  Fj  as 
well  as  likely  subsequent  filial  and  backcross 
generation  hybrids  from  the  sample  available 
from  Gold  Run  Creek. 

Genic  hybrid  index  scores  based  on  the 
genotypes  of  each  individual  for  the  five  di- 
agnostic loci  are  shown  in  Figure  2  (see  Pat- 
ton et  al.  1979  and  Smith  and  Patton  1981 
for  calculation  of  this  index).  When  all  indi- 
viduals sampled  from  the  Gold  Run  Creek 
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area  are  combined  (N  =  104),  the  majority 
(88.5%)  have  hybrid  index  scores  indicative  of 
either  parental  hottae  or  townsendii,  and 
only  11.5%  are  grouped  as  genetic  inter- 
mediates (hybrid  indices  of  0,  +2,  +4,  etc.). 
Seven  of  these  presumptive  hybrids  are 
exactly  intermediate,  suggesting  that  they  are 
Fi  individuals;  the  remainder  are  hetero- 
zygous at  one  or  more  of  the  diagnostic  loci 
and  homozygous  for  one  parental  allele  or 
the  other  at  additional  loci.  Clearly,  hybridi- 
zation between  hottae  and  townsendii  along 
Gold  Rim  Creek  is  minimal  in  amount  and  is 
largely  limited  to  Fj  production.  The  propor- 
tion of  hybrids  in  our  genetic  samples  is 
lower  than  that  suggested  by  Thaeler  (1968) 
from  his  morphological  analysis  of  this  zone 
(20-30%).  However,  the  pattern  we  observed 
is  identical  to  that  seen  in  the  hybridization 
between  T.  hottae  and  T.  umhrinus  in  south- 
em  Arizona,  where  Fj  males  are  sterile  and 
F,  females  show  greatly  reduced  fertility 
(Patton  1973).  It  contrasts  markedly  with 
cases  of  hybridization  leading  to  extensive 
genie  introgression  in  contact  zones  within  T. 
hottae  (see  Patton  et  al.  1979,  Smith  et  al. 
1983,  Hafner  et  al.  1983). 

Hybridization  at  Gold  Run  Creek  is  not 
limited,  however,  to  F,  production,  sugges- 
ting that  F]  individuals  of  either  or  both  sexes 


are  at  least  partially  fertile  and  that  genetic 
isolation  between  the  parental  forms  may  not 
be  complete.  Nevertheless,  no  evidence  of 
genie  introgression  extending  beyond  the  im- 
mediate vicinity  of  the  hybrid  zone  is  avail- 
able. No  genetic  characteristics  of  either  pa- 
rental form  are  seen  in  samples  of  the 
opposite  taxon  trapped  at  distances  of  about 
one  mile  from  the  location  of  hybrids  in  Gold 
Run  Creek.  This  is  true  even  though  repro- 
ductive data  indicate  that  hybrid  individuals 
of  both  sexes  have  normal  reproductive  char- 
acteristics. Testis  length,  seminal  vesicle 
length,  and  epididymal  tubule  diameter  did 
not  differ  between  hybrid  males  and  those  of 
either  parent.  Similarly,  the  only  reproduc- 
tively  active  adult  female  hybrid  trapped 
contained  five  embryos  of  late  term,  a  litter 
size  characteristic  of  both  species. 

The  reason  for  failure  of  genie  in- 
trogression between  the  two  taxa,  therefore, 
is  not  at  all  understood.  Clearly,  available 
data  do  not  suggest  severe  F,  or  backcross 
hybrid  fertility  or  viability  barriers,  as  is  the 
case  in  T.  hottae  and  T.  umhrinus  (Patton 
1973).  Limitation  of  introgression  is,  there- 
fore, likely  to  be  mediated  by  behavioral  in- 
teractions determining  both  spatial  territorial 
relationships  and  mating  preferences.  Spa- 
tially, the  two  taxa  overlap  only  minimally 


Table  1.  Allele  frequencies  at  eight  diagnostic  loci  for  samples  of  T.  hottae  saxatilis  and  T.  townsendii  relietus 
from  Honey  Lake  Valley,  Lassen  County,  California. 


Saxatilis 

Relietus 

Upper  Gold 

Mouth  Gold 

Herlong/ 

Run  Creek 

Run  Creek 

Standish 

Gamier  Ranch 

Locus 

Allele 

(N  =  20) 

(N  =  21) 

(N  =  18) 

(N  =  44) 

aGPD 

119 

1.00 

100 

].(X) 

1.00 

1.00 

NP 

107 

1.00 

100 

l.Of) 

1.00 

1.00 

6PGD 

100 

1.00 

88 

1.00 

1.00 

1.00 

Acon-1 

117 

l.(X) 

100 

1.00 

1.00 

1.00 

preAlb 

101 

1.00 

100 

1.00 

1.00 

1.00 

Trf 

130 

0.05 

121 

0.95 

1.00 

1.00 

1.00 

Est-4 

102 

0.175 

95 

0.825 

1.00 

1.00 

1.00 

ADH 

-114 

1.00 

0.788 

0.889 

0.412 

-100 

0.211 

0.111 

0.588 
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Fig.  2.  Distribution  of  genic  hybrid  index  scores  for 
all  specimens  examined  electromorphically  from  the 
livlirid  zone  along  Gold  Rim  Creek.  Parental  hottac  and 
tounsendii  have  + 10  or  -10  scores,  respectively;  Fj 
hybrids  are  exactlv  intermediate  with  a  score  of  0;  and 
those  few  specimens  with  .scores  between  0  and  either 
+  10  or  -10  are  considered  genic  backcrosses. 

over  but  a  few  hundred  meters  (see  Figure  1). 
Indeed,  except  for  three  bottoe  individuals, 
the  two  taxa  were  almost  exclusive  in  their 
distributions  along  Gold  Run  Creek  in  1982. 

Morphological  differentiation  and 
HYBRID  intermediacy.—  The  morphological 
relationships  of  bottae  and  townsendii  and 
their  hybrids  through  the  Gold  Run  Creek 
contact  zone  were  examined  from  both  color- 
imetric  and  cranial  morphometric  per- 
spectives. In  the  former  case,  analysis  was  re- 
stricted to  genically  known  individuals,  and 
cranial  character  variation  was  assessed  for 
the  genetic  samples  as  well  as  those  collected 
in  previous  years,  including  the  material  ex- 
amined by  Thaeler  in  his  1968  study. 


Variation  for  the  three  dorsal  color  varia- 
bles measured  is  given  in  Table  2.  The  total 
.sample  was  arranged  into  parental  towns- 
endii and  bottae,  genic  F,  hybrids,  and  pre- 
sumptive backcross  hybrids.  The  two  taxa 
differ  significantly  (p  <  .01)  in  both  domi- 
nant wavelength  and  brightness,  but  are  in- 
separable in  purity.  This  color  difference  is 
readily  appreciated  by  the  eye;  bottae  saxa- 
tilis  is  a  rich  cinnamon  brown  above  and 
townsendii  relictus  is  a  pale  yellow-gray.  Fj 
hybrids  are  intermediate  between  the  paren- 
tal forms  in  both  wavelength  and  brightness, 
but  are  slightly  skewed  toward  bottae  (Fig. 
2).  The  two  backcross  categories  are  appro- 
priately intermediate  between  FjS  and  their 
respective  parental  types.  In  general,  hybrid 
class  individuals  are  identifiable  as  such  by 
eye  from  their  color  characteristics. 

A  principal  components  (PC)  analysis  was 
performed  on  the  14  cranial  variables  for  all 
available  samples  of  townsendii,  bottae,  and 
their  presumptive  hybrids  from  the  Gold  Run 
Creek  area.  This  analysis  was  designed  to  de- 
termine the  nature  of  differentiation  between 
the  taxa  as  well  as  to  give  insight  into  the 
morphological  relationships  of  known  and 
presumed  hybrids  to  both  parental  forms. 
Only  two  components  are  necessary  to  ex- 
plain more  than  90%  of  the  total  variation  in 
the  samples  (Table  3).  Indeed,  PCI  alone  ac- 
counts for  84%  (males)  to  89%  (females),  with 
all  subsequent  components  contributing  only 
weakly.  All  characters,  except  PRO,  load  pos- 
itively and  equally  on  PCI  for  both  males  and 
females.  Such  uniformity  in  loadings  and  the 


Table  2.  Mean,  standard  deviation,  and  range  for  the  three  colorimetric  variables:  dominant  wayelength,  purity, 
and  brightness  for  T.  bottae  saxatilis,  T.  tounsendii  relicttis.  and  their  hybrids  from  Gold  Rim  Creek,  near  Siisanville, 
(California. 


Dominant 

Sample 

N 

wavelength 

Purity 

Brightness 

Parental  townsendii 

46 

582.1  ±  0.82 

18.75  ±  2.42 

12.81  ±  1.30 

580-584 

15.00-23.44 

8.45-15.24 

Backcross  to  toicnsendii 

3 

582.7  ±  0.58 

17.52  ±  2.25 

11.67  ±  0.90 

582-583 

14.92-18.93 

10.86-12.63 

Fi  hybrids 

7 

584.9  ±  1.21 

21.68  ±  4.84 

9.13  ±  0.73 

583-586 

17.47-31.62 

8.35-10.52 

Backcross  to  bottae 

2 

584.5  ±  0.71 

14.32  ±  2.71 

8.08  ±  0.08 

584-585 

12.40-16.23 

8.02-8.14 

Parental  bottae 

28 

585.2  ±  2.03 

17.55  ±  3.55 

7.90  ±  1.32 

583-594 

10.17-26.74 

5.36-11.57 
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high  proportion  of  explained  variance  by  PCI 
suggest  that  it  is  primarily  a  size  axis,  and 
that  townsendii  and  bottae  differ  cranially 
predominantly  by  overall  size  in  combination 
with  differential  incisor  procumbancy;  bottae 
with  its  small  size  has  a  more  pronounced 
procumbancy  (see  character  means,  Table  3). 
There  is  apparently  little  marked  shape 
change  involved  in  the  size  differences  in  the 
skulls  of  bottae  saxatilis  and  townsendii  re- 
lictus,  at  least  as  identified  by  linear 
measurements. 

The  technique  of  step-wise  discriminant 
fimction  (DF)  analysis  was  used  to  examine 
more  closely  the  morphological  relationship 
between  the  presumptive  hybrids  and  both 
parental  taxa.  In  this  analysis,  genetically 
known  "pure"  parental  individuals  of  both 
taxa  were  used  as  a  priori  groups  to  which 
were  compared  individuals  classed  as  hybrids 
by  their  respective  genie  index  scores.  In  ad- 
dition, specimens  in  the  MVZ  collections,  in- 
cluding those  examined  by  Thaeler  in  his 
1968  study,  were  similarly  compared  to  the 
parental  reference  series.  This  group  includ- 
ed individuals  identified  morphologically  as 
parental,  "intermediate"  hybrid,  or  hybrids 
closer  to  one  or  the  other  parental  form  (see 
Thaeler  1968:547). 

The  standardized  discriminant  functions 
for  each  variable  are  given  in  Table  3.  Again, 
major  discrimination   is  achieved  by   size 

Table  3.  Character  means  for  parental  samples  of  T.  bo 
Creek  region  of  Honey  Lake  Valley  south  of  Susanville, 
function  (DF)  loadings  are  given  for  each  character. 


alone,  with  ONL  loading  most  highly  for 
both  males  and  females.  Since  most  of  the  re- 
maining variables  are  highly  correlated  with 
ONL  (r  =  .83  or  higher  in  all  cases,  with  the 
exception  of  PRO  in  both  males  and  females), 
the  high  discriminating  power  of  this  variable 
reflects  the  overall  size  difference  between 
bottae  saxatilis  and  totvnsendii  relictus. 

Complete  separation  of  the  two  gen- 
etically parental  groups  is  apparent  for  both 
sexes  in  the  DF  analysis  (Fig.  4).  Those  speci- 
mens identified  by  Thaeler  previously  as  pa- 
rental bottae  or  townsendii  are  grouped,  with 
no  exceptions,  with  their  genetically  known 
counterparts.  Thus,  the  morphological  dis- 
tinctness of  the  two  taxa  is  unambiguous. 
Genetic  hybrids  are  generally  intermediate 
between  the  parental  forms  in  DF  score.  This 
is  true  for  all  F,  hybrids  of  both  sexes.  Al- 
though the  presumptive  backcross  individuals 
all  show  DF  scores  in  the  direction  of  the  pa- 
rental form  involved  in  the  backcrossing, 
some  of  these  fall  in  the  middle  of  the  paren- 
tal cluster  and  would  not,  therefore,  be  rec- 
ognized as  possible  backcross  individuals 
were  it  not  for  the  electromorphic  data.  All 
specimens  identified  as  possible  hybrids  by 
Thaeler  are  also  intermediate  in  this  analysis 
(Fig.  3). 

DisTRiHUTiON  OF  Geoniydoeciis  lice.— 
Thomomys  b.  saxatilis  and  T.  t.  relictus  serve 
as  hosts  for  the  chewing  lice  Geomydoecus 

ttae  saxatilis  and  T.  townsendii  relictus  from  the  Gold  Run 
California.   Principal  component  (PC)  and  discriminant 


Cha 

acter 

Character 

mean 

mean 

T.  bottae 

T.  townsendii 

PCI 

PC  II 

DF 

Variable 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

ONL 

40.21 

36.62 

48.44 

44.79 

.289 

.280 

.072 

.084 

-6.96 

4.61 

BaL 

36.45 

32.79 

43.00 

39.71 

.285 

.279 

.141 

.133 

2.93 

2.20 

ZB 

28.12 

24.60 

31.18 

28.85 

.270 

.277 

.286 

.208 

1.88 

-2.59 

MB 

21.29 

19.07 

26.10 

24.16 

.285 

.280 

.017 

.047 

-3.53 

1.99 

IOC 

6.43 

6.46 

7.03 

7.11 

.181 

.247 

-.626 

-.098 

-0.73 

-0.27 

RL 

16.66 

14.77 

20.71 

18.49 

.270 

.280 

.127 

.056 

1.46 

-1.71 

NL 

13.35 

11.85 

17.51 

15.92 

.285 

.278 

.071 

.039 

1.24 

0.48 

RW 

7.80 

6.65 

9.92 

9.04 

.288 

.278 

.004 

-.038 

-0.65 

2.10 

DL 

16.29 

14.15 

18.42 

16.47 

.264 

.258 

.316 

.375 

0.45 

-1.80 

MTRL 

8.31 

7.87 

10.09 

9.49 

.270 

.259 

-.081 

-.086 

-0.34 

1.44 

PW 

7.52 

7.21 

8.68 

8.34 

.275 

.272 

-.150 

-.025 

0.16 

-0.71 

BuL 

7.18 

6.95 

8.37 

8.03 

.278 

.266 

.010 

-.063 

-0.58 

-0.37 

RD 

7.20 

6.38 

8.59 

7.80 

.283 

.276 

.030 

.006 

-0.04 

-0.36 

PRO 

4.24 

3.98 

2.61 

2.56 

-.198 

-.201 

.592 

.873 

-0.44 

-0.45 

Eigenvalue 

11.80 

12.49 

0.98 

0.60 

%  contribution 

84.28 

89.19 

7.01 

4.29 
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Fig.  .3.  Colorimetric  relationships  between  bottae  and 
townsendii  and  their  hybrids  from  Gold  Run  Creek. 
Horizontal  bar  equals  range;  vertical  bar  sample  mean; 
open  box  one  standard  deviation  and  hatched  box  twice 
the  standard  error  of  the  mean. 

shastensis  and  G.  idahoensis,  respectively. 
Geomydoeciis  shastensis  has  been  collected 
from  12  subspecies  of  T.  bottae  representing 
200  localities  in  northern  California  and 
southwestern  Oregon.  In  only  5  of  these  lo- 
calities were  gophers  found  to  also  have  an- 
other species  of  Geomydoecus  louse.  One  of 
these  was  the  saxatilis-relictus  hybrid  zone, 
and  the  remaining  4  involved  5  gophers  with 
G.  angularis.  Geomydoecus  idahoensis  has 
been  collected  from  7  subspecies  of  T.  towns- 
endii representing  52  localities  from  north- 
western California,  southeastern  Oregon, 
northern  Nevada,  and  southern  Idaho.  In  4  of 
these  localities,  gophers  were  found  to  also 
have  another  Geomydoecus  species,  one  of 
these  being  the  saxatilis-relictus  hybrid  zone 
under  consideration  here.  Two  of  the  remain- 
ing localities  were  in  the  Gamier  Ranch  area 


east  of  Honey  Lake,  where  Thaeler  (1968) 
conducted  his  study  of  the  T.  b.  canus  and  T. 
t.  relictus  hybrid  zone.  Of  the  10  gophers  ex- 
amined for  lice  from  these  localities  and  re- 
garded by  Thaeler  as  canus-relictus  hybrids, 
3  had  only  G.  shastensis,  2  had  only  G.  cen- 
tralis, and  5  had  both  louse  species.  One  addi- 
tional locality  in  central  Nevada  also  had  one 
gopher  with  both  of  these  louse  species. 

The  distribution  of  louse  taxa  on  pocket 
gophers  through  the  saxatilis-relictus  hybrid 
zone  in  Gold  Run  Creek  thus  serves  as  an  in- 
dependent view  of  the  genetic  and  ecologic 
interactions  of  their  hosts.  Seventy-one  of  the 
genetically  determined  individuals  were 
found  to  have  lice,  and  the  relationship  be- 
tween louse  distribution  and  gopher  taxon  is 
given  in  Table  4.  Three  of  46  relictus  speci- 
mens contained  only  saxatilis  lice,  and  the  re- 
mainder contained  only  relictus  lice.  All 
saxatilis  trapped  outside  the  hybrid  zone  had 
only  saxatilis  lice,  and  of  the  13  individuals  in 
the  hybrid  zone,  6  had  only  saxatilis  lice  and 
7  had  both  species  of  lice.  All  relictus 
trapped  outside  the  hybrid  zone,  except  those 
from  the  canus-relictus  contact  to  the  east, 
had  only  relictus  lice.  The  presumptive  back- 
cross  individuals  to  townsendii  had  only  the 
lice  of  that  species;  all  other  hybrid  class  in- 
dividuals had  either  only  saxatilis  lice  or  both 
louse  species.  It  is  important  that  the  geo- 
graphic overlap  of  the  distribution  of  the  two 
louse  species  corresponded  exactly  with  the 
middle  of  the  hybrid  zone,  as  defined  by  the 
genetic  and  morphologic  characters  of  the 
gopher  hosts.  As  with  the  electromorphic 
characters,  there  is  no  evidence  of  a  louse 
species  extending  into  the  parental  popu- 
lation of  the  opposite  gopher  host.  The  fact 
that  some  genetic  "pure"  gopher  parental 
forms  from  the  hybrid  zone  have  the  louse  of 
the  other  gopher  taxon  is  not  unexpected. 
Lice  are  probably  transferred  among  individ- 
uals by  direct  contact,  which  must  occur  if 
hybridization  is  to  take  place. 

Systematic  and  Evolutionary 
Conclusions 

Thomomys  bottae  and  T.  townsendii  do 
hybridize  where  they  meet  along  Gold  Run 
Oeek  south  of  Susanville,  California.  The  pa- 
rental taxa  differ  by  fixed  alleles  at  five  gen- 
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Fig.  4.  Distribution  of  adult  specimens  from  Gold  Run  Creek  along  the  first  discriminant  axis  for  crania! 
characters.  For  both  males  and  females,  histogram  a  represents  specimens  for  which  no  genie  data  are  available, 
including  those  examined  by  Thaeler  in  1968;  h  represents  those  specimens  for  which  the  hybrid  or  parental  status  is 
based  on  electromorphic  characters  (see  text).  Symbols  in  a  indicate  hybrids  identified  on  morphological  grounds  by 
Thaeler  (1968);  those  in  h  are  based  on  genie  data  as  in  Fig.  1. 
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etic  loci,  facilitating  the  recognition  of  hy- 
brid individuals  and  the  extent  of  genie  in- 
trogression.  This  hybridization  is  of  limited 
scope;  only  12  of  104  specimens  (11.5%)  ex- 
amined electromorphically  could  be  consid- 
ered of  hybrid  origin.  However,  both  F]  and 
presumptive  backcross  hybrids  were  identi- 
fied. If  backcrossing  occurs,  then  the  Fj  hy- 
brids must  be  at  least  partially  fertile,  and 
genie  introgression  between  the  parental 
forms  is  a  possibility.  In  the  present  case, 
however,  there  is  no  evidence  for  in- 
trogression into  parental  populations  of  both 
taxa  less  than  a  mile  distant  from  the  hybrid 
zone.  Although  the  hybrids  appear  reproduc- 
tively  competent,  they  must  be  at  a  decided 
disadvantage  in  competition  for  mates  of  ei- 
ther parent.  Otherwise  some  genetic  ex- 
change between  the  two  taxa  would  be 
expected. 

Fi  hybrid  individuals  are  intermediate  in 
morphology,  both  cranially  and  in  color  char- 
acters; presumptive  backcross  individuals  are 
skewed  away  from  intermediacy  in  the  direc- 
tion of  the  parental  form  with  which  they 
share  greater  genetic  similarity.  This  suggests 
that  the  genetic  differences  between  the  two 
taxa  underlying  the  morphology  are  relative- 
ly simple  and  additive.  Since  so  few  inter- 
mediate individuals  were  found  in  samples 
collected  at  three  intervals  over  a  25-year  pe- 
riod (1960,  1969,  and  1982),  hybridization 
must  be  a  sporadic  event. 

Importantly,  genie,  cranial,  and  color 
scores  for  any  given  hybrid  are  all  con- 
cordant and  intermediate,  suggesting  that 
hybridization  is  limited  to  the  Fi  and  but  one 
or  two  subsequent  filial  or  backcross  gener- 


Table  4.  Distribution  of  Geonnjdoecus  lice  on  pocket 
gopher  host  taxa  through  the  contact  zone  between 
Thomomijs  hottae  saxatilis  and  Thomomijs  townsendii  re- 
lictiis  along  Gold  Run  Creek.  T.  bottae  is  the  host  of  G. 
shastensis,  and  T.  townsendii  is  the  host  for  G. 
idahoensis. 


Lie. 

e 

Gopher: 

G. 

idahoensis 

G. 

shastensis 

Both 

T.  totvnsendii 

43 

3 

0 

Backcross  to 

T.  townsendii 

3 

0 

0 

Fj  hybrid 

0 

3 

4 

Backcross  to 

T.  bottae 

0 

1 

1 

T.  bottae 

0 

6 

7 

ations.  Repeated  backcrossing  would  cause 
random  assortment  of  these  characters  among 
a  hybrid  class  of  individuals,  unless  the  con- 
trolling genetic  elements  were  tightly  linked. 
The  latter  is  unlikely  since  the  genome  of 
both  taxa  consists  of  at  least  38  linkage 
groups  (i.e.,  the  diploid  number  is  76  in  both 
cases).  Thus,  the  bottae-townsendii  data  con- 
trast sharply  with  those  from  the  bottae  ac- 
tuosus  and  bottae  ruidosae  hybrid  zone  in  the 
White-Sacramento  Mountains  of  New  Mexi- 
co, for  example,  where  two  units  likewise 
meet  and  hybridize  along  a  narrow  mountain 
canyon.  In  this  case,  hybridization  is  exten- 
sive because  most  individuals  are  various 
combinations  of  genetic  backcrosses,  with 
morphological  and  genie  scores  strongly  dis- 
cordant in  many,  indicating  rather  random 
reassortment  of  the  parental  characters. 

The  systematic  and  evolutionary  signifi- 
cance of  hybridization  stems  not  from  the 
lack  of  complete  reproductive  isolation  be- 
tween taxa,  but  rather  in  the  presence  of  gen- 
etic isolation  (Patton  1973,  1981;  Patton  et 
al.  1979).  Since  hybridization  per  se  does  not 
automatically  produce  actual  gene  exchange 
between  the  hybridizing  forms,  it  is  the  de- 
gree of  genetic  rather  than  reproductive  iso- 
lation that  should  be  the  measure  of  species 
status  in  hybrid  situations.  In  the  present 
case,  bottae  and  toivnsendii  are  genetically 
isolated  despite  minimal  hybridization  over 
at  least  the  past  25  years;  there  is  simply  no 
genie  or  morphologic  evidence  suggestive  of 
introgression  into  either  parental  population, 
even  at  distances  of  a  mile  or  less  from  the 
hybrid  zone.  Consequently,  bottae  and  towns- 
endii are  evolutionarily  separate  units,  and  as 
such  should  be  accorded  full  species  status 
(contra  Hall  1981). 
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VEGETATION  PARAMETERS  FOR  JUDGING  THE  QUALITY  OF  RECLAMATION 
ON  COAL  MINE  SPOILS  IN  THE  SOUTHWEST 

Earl  F.  Aldon' 

;\b.str\ct.—  Mining  reclamation  specialists  and  government  regulators  need  sound  criteria  for  judging  when 
reclamation  is  complete  and  expensive  bonds  can  be  released.  Values  are  given  for  five  easily  measured  plant 
parameters  that  can  be  used  for  jvidging  success  on  native  species  that  are  growing  on  semiarid  grasslands  and 
sagebnish  lands. 


The  federal  Surface  Mining  Control  and 
Reclamation  Act  of  1977,  along  with  the 
many  state  reclamation  laws  and  Indian  trib- 
al regulations,  have  done  much  to  protect  the 
areas  whose  jurisdiction  they  encompass. 
Some  additional  needs  remain:  How  are  these 
reclaimed  areas  to  be  managed  after  mining 
and  reclamation  are  complete?  And  just 
when  is  reclamation  complete?  This  latter 
question  is  of  no  small  consequence.  Often 
thousands  of  dollars  are  tied  up  in  bonding 
requirements  mandated  by  law.  Mining  com- 
panies are  acutely  aware  of  these  costs  for 
they  must  bear  them  until  "reclamation  is 
complete"  and  their  bonds  are  released.  Land 
managers  are  concerned,  for  it  is  they  who 
must  decide  when  the  area  has  been  restored 
to  a  condition  that  can  safely  perpetuate  it- 
self for  years  to  come  with  minimum  adverse 
effects.  Some  information  based  on  research 
and  field  experience  is  available  at  present 
for  making  these  decisions.  More  such  infor- 
mation is  needed.  This  paper  outlines  a  range 
of  several  vegetation  parameters,  found  on 
unmined  areas  of  the  Four  Corners  coal 
province  of  the  United  States,  that  should  as- 
sist managers  working  in  this  area  in  deciding 
when  vegetation  on  reclaimed  lands  has 
reached  immined  levels. 

Some  Constraints 

The  vegetation  component  of  an  ecosys- 
tem is  dynamic,  and  subject  to  a  wide  variety 
of  forces.  To  freeze  this  movement  with  a 
single  value  and  call  that  number  final  would 
be  misleading.  The  range  of  numbers  report- 
ed here  are  to  be  used  as  guides,  not  abso- 


lutes. These  data  can  be  used  to  tell  whether 
a  reclaimed  stand  is  far  below  what  might  be 
expected  from  natural,  but  not  protected, 
stands. 

The  vegetation  parameters  chosen  and  re- 
ported on  here  (cover,  density,  frequency, 
importance  value,  and  diversity)  are  the  ones 
used  presently  in  the  course  of  a  study  (Rio 
Pvierco,  see  below)  on  understanding  the  ef- 
fect of  grazing  systems  on  semiarid  vegeta- 
tion changes.  Other  valid  parameters  used  in 
ecological  research  could  have  been  chosen 
and  reported  on  from  the  literature.  The  ones 
used  here  are  common  to  rangeland  research 
and  easily  obtained  in  the  field. 

Native  species  only  are  reported  here. 
There  are  many  other  species  being  used  in 
reclamation  in  the  Southwest  at  present.  To 
make  comparisons  between  importance  val- 
ues of  differing  species  would  be  hazardous. 
Care  must  be  taken  when  any  comparisons 
are  made.  Cover  and  density  comparisons  be- 
tween stands  are  less  likely  to  lead  to 
problems. 

Age  of  stands  are  not  considered  here.  The 
number  of  growing  seasons  required  to  be  as- 
sured of  stability  is  not  certain,  but  it  has 
been  reported  two  growing  seasons  are 
needed  for  stand  establishment  and  seven 
years  to  demonstrate  long-term  survival  (Al- 
don 1981). 

The  only  vegetation  associations  consid- 
ered here  are  the  sagebrush  series  in  the 
Great  Basin  desertscrub  biome  and  the  saca- 
ton  series  in  the  Great  Basin  shrub-grasslands 
biome  (Brown  et  al.  1979).  Two  other  vegeta- 
tion types,  pinyon-juniper  series  in  the  Great 


'Rocky  Mountain  Forest  and  Range  Experiment  Station,  2205  Columbia  SE,  Albuquerque,  New  Mexico  87106. 
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Basin  conifer-woodland  biome,  and  the  shad- 
scale  series  of  the  Great  Basin  desertscrub 
biome,  are  widespread  in  the  Southwest  and 
will  need  additional  data. 

Methods 

Vegetation  sampling.—  The  Community 
Structure  Analysis  (CSA)  method  has  been 
used  throughout  (Pase  1980).  The  CSA  meth- 


od was  used  to  estimate  the  relative  position 
of  a  plant  species  within  the  community  by 
an  Importance  Value  (IV).  The  IV  is  based  on 
the  sum  of  the  relative  values  for  cover,  den- 
sity, and  frequency  for  each  species  in  the 
stand.  The  sum  of  the  IVs  for  all  species  in  a 
stand,  then,  is  3.  The  computed  IV  is  little  af- 
fected by  year-to-year  fluctuations  in  precipi- 
tation, shows  minor  differences  between  ob- 
servers, and  changes  indicate  change  in  range 


Table  1.  Cover,  density,  diversity  values  for  two  vegetation  types. 


1979 


1980 


1981 


All  years 


Cover  (%) 
Median 
Mean 

Standard  deviation 
Minimum  value" 
Maximum  value" 

DENSiTi-  (plants/ni^) 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maximum  value 

Diversity-  (Index  Values) 
Median 
Mean 

Standard  deviation 
Minimum  vahie 
Maximum  value 


Vegetation  type  1 
Semiarid  grassland 


128 

122 

124 

374  transects 

17.6 

14.9 

18.6 

17.3 

19.6 

16.8 

18.8 

18.4 

8.2 

7.3 

7.1 

7.6 

6.5 

5.3 

5.6 

5.3 

47.5 

50.4 

40.2 

50.4 

27.3 

40.5 

29.2 

31.2 

.32.8 

47.6 

32.1 

37.4 

19.0 

29.1 

20.4 

24.2 

2.3 

3.6 

5.3 

2.3 

104.8 

171.2 

105.7 

171.2 

1.3 

1.2 

1.2 

oo 

1.3 

1.2 

1.2 

0.4 

0.4 

0.3 

0.4 

0.4 

0.4 

2.1 

2.4 

2.1 

Vegetation  type  2 

Sagebrush  grass 

48 

53 

53 

154  transects 

23.2 

20.9 

23.2 

21.8 

22.0 

20.7 

22.6 

21.8 

7.3 

5.4 

6.9 

6.6 

0.1 

10.8 

6.1 

0.1 

.37.0 

.35.3 

43.5 

43.5 

43.8 

57.4 

29.8 

41.2 

46.3 

.56.8 

31.7 

44.9 

22.8 

27.5 

14.3 

24.4 

1.9 

3.3 

8.3 

1.9 

105.8 

124.9 

60.4 

124.9 

1.6 

1.6 

1.4 

.. 

1.5 

1.5 

1.3 

0.5 

0.4 

0.5 

0.5 

0.6 

0.3 

2.3 

2.3 

2.1 

Cover (%) 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maximum  value 

Density  (plants/m^) 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maximum  value 

Diversity  (Index  Values) 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maximum  value 


"Actual  values  used  throughout 
°°Data  not  subject  to  averaging 
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condition  (Pase  1980).  Cover  is  based  on  100 
measurements  taken  along  a  200-m  transect 
randomly  located  in  the  field  using  a  5  x  10 
cm  rated  microplot  (Morris  1973).  Cover  is 
determined  by  rating  or  scoring  the  area  oc- 
cupied by  plants  inside  this  small  plot.  Den- 
sity is  based  on  individual  plants  per  m^ 
taken  on  10  circular  plots  along  the  same 
transect.  Frequency  is  the  relative  number  of 
"stocked"  m^  circular  plots.  Rock,  litter,  and 
bare  soil  values  are  also  estimated  in  the  mi- 
croplot. These  latter  values  are  not  reported 
here,  but  are  available  from  the  author. 

The  diversity  index  is  calculated  for  each 
plant  array  based  on  absolute  density.  The  in- 
dex, as  used  here,  is  computed  from  the  den- 
sity of  individual  species  as  a  proportion  of 
the  total  density  and  the  total  number  of  spe- 
cies in  the  community  (MacArthur  and  Mac- 
Arthur  1961). 

The  CSA  method  and  diversity  index  are 
computerized,  and  this  program  is  available 
from  the  author.  Detailed  field  methods  are 
also  available. 

Sampling  areas.—  Data  presented  here 
are  taken  from  a  long-term  grazing  study  lo- 
cated on  the  Rio  Puerco  drainage  in  north 
central  New  Mexico  (for  a  complete  dis- 
cussion, see  USDI  Bureau  of  Land  Manage- 
ment 1978).  The  159,199  hectares  of  public 


lands  in  this  area  are  divided  into  75  grazing 
allotments,  varying  in  size  from  39  hectares 
to  more  than  2,025  hectares.  Nine  represen- 
tative allotments,  distributed  evenly  over  the 
entire  area,  were  selected  for  detailed  study. 
Each  allotment  is  divided  into  three  to  five 
pastures.  Most  pastures  have  four  or  five  CSA 
transects  located  randomly  on  key  grazing 
areas  or  primary  range  lands  within  them, 
giving  a  total  of  177  transects  placed  on  the 
nine  study  allotments.  Of  these,  176  are  used 
in  this  paper.  The  transects  were  installed 
and  read  in  the  summer  of  1979.  They  were 
reread  in  the  summers  of  1980  and  1981. 
Most  of  the  sampling  areas  are  considered  in 
fair  to  poor  range  condition  at  present;  thus 
the  values  will  be  on  the  lower  end  of  a  con- 
tinuum. But  precipitation  over  the  area  was 
considered  above  average  for  1979  and  1981, 
and  average  in  1980,  thus  providing  max- 
imum vegetation  outputs  in  those  better 
years. 

Study  allotment  description.—  The  al- 
lotments range  from  pinyon-juniper  wood- 
lands with  a  scattering  of  ponderosa  pine  at 
higher  elevations  down  to  semiarid  grass- 
lands. The  area  is  composed  of  mesas  or  up- 
lands, steep  rocky  breaks,  and  alluvial  grass- 
lands. A  layer  of  Mesa  Verde  sandstone 
overlies  Mancos  shale.  The  sandstone  breaks 


Table  2.  Importance  Value  for  three  plant  species. 


Vegetation  type  1 

Vegetation  type  2 

1979 

1980 

1981 

1979 

1980 

1981 

Alkali  sacaton 

Median 

0.451 

0.517 

0.420 

0.114 

0.065 

0.027 

Mean 

0.614 

0.613 

0.626 

0.105 

0.062 

0.083 

Standard  deviation 

0.536 

0.516 

0.588 

0.095 

0.044 

0.122 

Minimum  value 

0.001 

0.002 

0 

0.010 

0.001 

0.004 

Maximum  value 

2.322 

1.981 

2.319 

0.249 

0.121 

0.,357 

Number  of  transects 

91 

81 

83 

5 

9 

9 

Galleta 

Median 

0.692 

0.686 

0.,561 

0.152 

0.260 

0.261 

Mean 

0.754 

0.712 

0.670 

0.222 

0.292 

0.288 

Standard  deviation 

0.496 

0.469 

0.491 

0.183 

0.207 

0.210 

Minimum  value 

0.002 

0.001 

0.001 

0.004 

0.006 

0.008 

Maximum  value 

2.112 

1.862 

1.805 

0.663 

0.660 

0.815 

Number  of  transects 

106 

104 

105 

32 

34 

33 

Blue  grama 

Median 

0.4.32 

0.493 

0.513 

0.914 

0.795 

0.778 

Mean 

0.608 

0.666 

0.659 

0.905 

0.762 

0.881 

Standard  deviation 

0.540 

0.572 

0.542 

0.,506 

0.441 

0.5.32 

Minimum  value 

0,004 

0.001 

0.003 

0.089 

0.045 

0.013 

Maximum  value 

1.904 

1.946 

2.028 

1.890 

1.683 

2.144 

Number  of  transects 

108 

105 

108 

46 

50 

49 
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and  underlying  shales  form  the  parent  soil 
material,  the  texture  of  which  varies  from 
sandy  loam  to  silty  clay.  Coal  seam  outcrops 
are  prevalent,  and  there  is  one  active  surface 
mine  in  operation  on  the  area.  Precipitation 
ranges  from  38  cm  per  year  at  higher  eleva- 
tions, 23(K)  m,  to  20  cm  at  the  lower  eleva- 
tions, 1500  m. 

The  areas  of  pastures  sampled  in  this  study 
fall  into  two  vegetation  types:  a  sagebrush- 


grass  mixture  and  a  semiarid  grassland  type. 
The  sagebrush-grass  type  consists  of  big  sage- 
brush (Artemisia  tridentata  Nutt.  ssp.  triden- 
tata),  blue  grama  (Boutelotia  gracilis  [H.B.K.] 
Lag.  ex  Steud.),  alkali  sacaton  {Sporobolus 
airoides  [Torr.]  Torr.),  western  wheatgrass 
(Agropyron  sinithii  Rydb),  with  some  black 
greasewood  (Sarcobatus  vermiciilatus  [Hook.] 
Torr.)  and  Opuntia  spp.  scattered  through- 
out. The  semiarid  type  consists  mostly  of  al- 


Table  3.  Frequency  for  three  plant  species. 


1979 


1980 


1981 


All  years 


Alkali  sac;aton 
.Median 
Mean 

Standard  deviation 
.Minimum  value 
Maxinnnn  value 
Number  of  transects 

CiALLETA 

Median 

Mean 

Standard  deviation 

Minimum  value 

Maximum  value 

Number  of  transects 

Blle  grama 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maxinnnn  value 
Nvmiber  of  transects 


Vegetation  type  1 


0.3 

0.3 

0,3 

0.3 

0.4 

0.4 

0.3 

0,4 

0.3 

0.3 

0.3 

0.3 

0 

0 

0 

0 

1.0 

1.0 

1.0 

1.0 

91 

81 

83 

255 

0.5 

0.5 

0,4 

0.5 

0.5 

0.5 

0,4 

0.5 

0.3 

0.3 

0,3 

0.3 

0 

0 

0 

0 

1.0 

1.0 

1.0 

1.1 

106 

104 

105 

315 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0,4 

0.4 

0.3 

0.3 

0,3 

0.3 

0 

0 

0 

0 

1.1 

1.0 

1,0 

1.1 

108 

105 

108 

321 

Vegetation  type  2 

0.1 

0.] 

0 

0.1 

0.1 

0.1 

0,1 

0.1 

0.1 

0.1 

0,1 

0.1 

0 

0 

0 

0 

0.2 

0.2 

0,3 

0.3 

5 

9 

9 

23 

0.3 

0.4 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.3 

0.3 

0,3 

0.3 

0 

0 

0 

0 

0.9 

0.8 

0.9 

0.9 

32 

34 

33 

99 

0.8 

0.8 

0.7 

0.8 

0.7 

0.7 

0.7 

0.7 

0.3 

0.3 

0.3 

0.3 

0.1 

0 

0 

0 

1.0 

1.0 

1,0 

1.0 

46 

50 

49 

145 

.■\lkali  sacaton 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maximum  value 
Niunber  of  transects 

CJalleta 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maximmn  value 
Number  of  transects 

Blue  (;Ry\MA 
Median 
Mean 

Standard  deviation 
Minimum  value 
Maxinnnn  value 
Number  of  transects 
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kali  sacaton,  blue  grama,  and  galleta  {Hilaria 
jamesii  [Torr.]  Benth.)  Fourwing  saltbush  {At- 
riplex  canescens  [Pursch]  Nutt.)  and  broom 
snakeweed  {Gutierrezia  sarothrae  [Pursh] 
Britt.)  are  the  principal  shrubs.  All  species 
occur  to  some  extent  in  both  types,  but  sage- 
bnish  is  less  in  evidence  in  the  semiarid  grass- 
land type.  For  the  purposes  of  this  study,  the 
importance  values  of  alkali  sacaton,  blue 
grama,  and  galleta  will  be  listed,  for  these 
three  species  are  commonly  used  in  reclama- 
tion plantings.  Other  species  IV  values  are 
available  from  tlie  author. 


Results 

The  usual  statistics  for  cover,  density,  and 
diversity  for  individual  years  and  all  years 
combined  are  shown  in  Table  1.  These  are 
listed  so  a  land  manager's  field  data  can  be 
compared  with  those  found  in  this  study  to 
see  where  the  data  fall  along  the  continuum. 
The  diversity  data  are  not  properly  subject  to 
averaging.  Table  2  lists  the  importance  val- 
ues for  alkali  sacaton,  galleta,  and  blue  grama 
for  individual  years,  and  Table  3  the  frequen- 
cy values  measured  for  the  same  three 
species. 

To  arrive  at  a  mean  or  median  value  and  a 
range  of  values  that  might  be  used  as  guides, 
data  used  to  compile  Tables  1,  2,  and  3  for 
each  of  the  three  years  were  pooled  and  0.95 
nonparametric  tolerance  limits  were  com- 
puted. The  lower  and  upper  bounds  of  these 
limits  contain  at  least  95%  of  the  population 
as  represented  by  the  sample  data.  Table  4 
gives  these  tolerance  limits. 


Based  on  tolerance  limits  data,  computed 
median  and  mean  data,  and  standard  devia- 
tion values,  the  values  in  Table  4  show  both 
the  limits  and  mean  data,  representing  rea- 
sonable approximations  of  field  conditions  on 
semiarid  grassland  and  sagebrush  grassland 
unmined  sites  in  the  Southwest. 

Discussion 

A  wide  variety  of  data  is  needed  in  deci- 
sion making,  but  these  tables  should  help  a 
land  manager  judge  the  plant  components  of 
the  reclaimed  stands.  For  example,  these  val- 
ues should  be  of  help  to  land  managers  as 
they  continually  monitor  reclaimed  stands 
prior  to  bond  release.  If  initial  seedings  fall 
below  these  values,  replanting  should  be  con- 
templated. If  a  dry  year  occurs  and  measured 
values  from  a  reclaimed  stand  are  at  the  low 
end  of  these  tables,  the  stand  could  still  be 
considered  acceptable  and  able  to  sustain  it- 
self. If  several  "wet"  growing  seasons  occur 
in  a  row  and  stands  are  still  at  the  low  end  of 
these  tables  or  if  importance  values  shift 
downward  drastically,  careful  examination  of 
the  stands  should  be  made  and  problems 
corrected. 
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Vegetation  type  1 
(semiarid  grasslands) 

Vegetation 
(sagebrush  gi 

type  2 
•asslands) 

Limits 

Mean 

Limits 

Mean 

Cover  (%) 

8  to  37 

18 

11  to  37 

22 

Density  (plants/m^) 

7  to  99 

35 

8  to  112 

42 

Diversity 

0.57  to  1.92 

1.20 

0.51  to  2.24 

1.45 

Importance  value  (IV) 
.\lkali  sacaton 

().(X)5  to  1.98 

.50 

0.001  to  0.:36 

.27 

Galleta 

0.016  to  1.75 

.70 

0.006  to  0.66 

.24 

Blue  grama 

0.(X)7  to  1.81 

.60 

0.067  to  1.89 

.85 

Frequency 
Alkali  sacaton 

0  to  1.0 

.4 

0  to  0.3 

.1 

Galleta 

0  to  1.0 

.5 

0  to  0.9 

.3 

Glue  grama 

0  to  1.0 

.4 

0  to  1.0 

.7 
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BURROW  PLUGGING  BY  PRAIRIE  DOGS  IN  RESPONSE  TO  SIBERIAN  POLECATS 

Stephen  J.  Martin',  Max  H.  Schroeder',  and  Howard  Tietjen- 


.\bstract.—  Siberian  polecats  (MiisteJa  eversmanni)  were  placed  in  white-tailed  prairie  dog  {Cynomiis  leucunis) 
and  black-tailed  prairie  dog  (C.  ludoviviantis)  burrows  to  simidate  a  black-footed  ferret  (Af.  nigripes)  visit.  Both 
prairie  dog  species  plugged  burrows  "visited"  bv  polecats.  White-tailed  and  black-tailed  prairie  dogs  plugged  2  of  6 
and  3  of  6  test  burrows,  respectively. 


Black-tailed  prairie  dogs  {Cynomijs  liidovi- 
cianus)  often  attempt  to  cover  entrances  of 
burrows  occupied  or  "visited"  by  black-foot- 
ed ferrets  (Mustela  nigripes)  (Hillman  1968, 
Henderson  et  al.  1969).  Hillman  and  Linder 
(1973)  reported  that  colonies  of  less  than  16.2 
hectares  occupied  by  black-footed  ferrets 
might  have  15%-25%  of  the  burrows 
plugged.  The  response  of  white-tailed  prairie 
dogs  (C.  leucunis)  to  the  presence  of  black- 
footed  ferrets  is  less  well  known,  but  Clark 
(1978)  reported  that  they  may  not  plug  bur- 
rows occupied  by  black-footed  ferrets.  Dur- 
ing 1980  we  examined  the  responses  of  black- 
tailed  and  white-tailed  prairie  dogs  to  Sibe- 
rian polecats  {M.  eversmanni).  The  Siberian 
polecat  is  the  closest  living  relative  of  the 
black-footed  ferret,  and  the  two  may  be  con- 
specific  (Anderson  1977).  The  objective  of 
this  test  was  to  ascertain  whether  or  not 
white-tailed  prairie  dogs  plug  burrows  occu- 
pied or  "visited"  by  black-footed  ferrets  and 
to  verify  previous  observations  of  this  behav- 
ior in  black-tailed  prairie  dogs.  The  results  of 
this  study  are  of  significant  importance  to 
searchers  who  conduct  surveys  for  black-foot- 
ed ferrets  in  prairie  dog  colonies. 

Methods 

Field  experiments  were  divided  into  two 
phases:  (1)  tests  on  black-tailed  prairie  dogs 
in  a  6.1-ha  colony  near  Fort  Collins,  Larimer 
Coimty,  Colorado,  and  (2)  a  trial  on  a  4.1-ha 
white-tailed  prairie  dog  colony   on   Hutton 


Lake    National    Wildlife    Refuge,    Albany 
County,  Wyoming. 

On  each  prairie  dog  colony  .4-ha  plots 
were  established  and  divided  into  two  sub- 
plots, one  treatment  and  one  control.  Each 
subplot  pair  was  independently  tested  for  3 
consecutive  days.  All  burrows  in  each  subplot 
were  examined  each  morning  to  determine  if 
plugs  were  present.  Plugs  are  defined  as  dirt 
material  that  visually  blocks  or  obscures  a 
portion  of  the  burrow  system.  Typically, 
plugging  material  comes  from  dirt  excavated 
by  prairie  dogs  at  the  entrance  to  a  burrow. 
Two  burrows  were  randomly  selected  on 
each  subplot  for  testing.  A  live  Siberian  pole- 
cat, enclosed  in  an  8.9  x  45.7  cm  cylindrical 
wire  hardware  cloth  cage,  was  placed  in  each 
of  two  selected  burrows  in  the  treatment 
plot,  and  an  empty  cage  was  placed  in  two 
control  burrows  in  early  morning  before 
prairie  dogs  emerged.  All  cages  were  inserted 
completely  below  ground  level.  Two  persons 
observed  and  recorded  prairie  dog  response 
to  caged  polecats  during  each  six-hour  test 
period.  Observers  viewed  the  prairie  dog  col- 
ony from  a  parked  vehicle  or  blind  with  the 
aid  of  binoculars  and  spotting  scopes.  After 
six  hours  the  polecats  were  removed  and 
each  plot  was  reexamined  for  plugs.  The  fol- 
lowing morning,  if  no  plugs  were  present  in 
the  test  burrows,  polecats  were  reinserted 
into  the  same  burrow.  During  nine  days  of 
testing  (three  days  in  each  pair  of  subplots) 
on  each  species,  we  recorded  the  number  of 
plugged  burrows,    time   of  plugging,   and 


'Denver  Wildlife  Research  Center,  1300  Blue  Spruce  Drive,  Fort  Collins,  Colorado  80524. 
-Denver  Wildlife  Research  Center,  Building  16,  Denver  Federal  Center,  Denver,  Colorado  80225. 
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Fig.  1.  Burrow  plugged  bv  black-tailed  prairie  dog  in  response  to  Siberian  polecat. 


behavior  of  prairie  dogs  in  the  presence  of  Si- 
berian polecats. 

Results  and  Discussion 

The  results  revealed  that  black-tailed  and 
white-tailed  prairie  dogs  plugged  3  of  6  and 
2  of  6  burrows,  respectively.  None  of  the  12 
control  burrows  were  plugged.  Plugged  bur- 
rows (2)  were  found  on  one  white-tailed  and 
one  black-tailed  subplot,  prior  to  placement 
of  polecats.  No  other  plugging  was  observed 
in  nontest  burrows. 

Black-tailed-prairie-dog-plugged  burrows 
were  similar  to  those  photographed  on  colo- 
nies occupied  by  black-footed  ferrets  (Hen- 
derson et  al.  1969).  Figure  1  shows  a  burrow 
entrance  that  was  completely  covered,  leav- 
ing only  an  outline  of  the  entrance.  Plugs  in 
white-tailed  prairie  dog  burrows  differed  in 
being  23-25  cm  below  the  surface,  with  the 
burrow  entrances  more  visible.  Both  species 
plugged  burrows  only  after  the  polecats  were 
removed,  and  during  the  absence  of  observ- 
ers. The  interval  between  when  polecats 
were    removed    from    burrows    and    when 


plugging  occurred  ranged  from  6  to  12  hrs. 
The  exact  time  of  plugging  is  unknown  but  is 
believed  to  have  occurred  between  1300  and 
2100  (MST).  Burrows  remained  plugged  for 
4-8  days. 

Although  prairie  dogs  were  not  observed 
plugging  burrows,  they  were  seen  approach- 
ing and  responding  to  caged  polecats.  Both 
species  of  prairie  dogs  first  detected  polecat 
presence  by  scent,  usually  at  4.6-6.1  m 
downwind  of  the  occupied  burrow.  Upright 
posture  (Smith  et  al.  1976)  characterized  this 
detection  and  lasted  1-4  minutes.  Prairie 
dogs  then  slowly  walked  toward  the  polecats. 
When  prairie  dogs  approached  within  .3-. 9 
m  and  visually  detected  the  polecat,  they  ran 
away  from  the  hole  in  the  direction  of  their 
approach  and  stood  upright  again,  facing  the 
burrow,  and  chattered  (Smith  et  al.  1976)  for 
1-5  minutes.  Black-tailed  prairie  dogs  often 
issued  a  jump-yip  (Smith  et  al.  1976)  response 
when  the  polecat  was  first  sighted  and  again 
after  retreating  from  the  burrow.  Henderson 
et  al.  (1969)  also  reported  that  black-tailed 
prairie  dogs  exliibited  upright  posture,  chat- 
tering, and  jump-yips  in  response  to  black- 
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footed  ferrets.  White-tailed  prairie  dogs  ex- 
hibited upright  posture  and  chattering  (Clark 
1977)  but  did  not  jump-yip.  Alarm  responses 
from  both  species  had  little  or  no  discernible 
effect  on  other  prairie  dogs.  No  group  reac- 
tions to  the  polecats  were  noted  for  either 
species  of  prairie  dog  as  has  been  reported 
for  black-tailed  prairie  dogs  and  black-footed 
ferrets  in  South  Dakota  (Henderson  et  al. 
1969).  The  only  group  reaction  was  the  ap- 
parent avoidance  of  a  polecat  subplot,  which 
contained  two  plugged  burrows,  by  black- 
tailed  prairie  dogs.  Eight  prairie  dogs  moved 
their  activity  area  approximately  37  m  from 
the  vicinity  of  a  previously  occupied  polecat 
burrow  and  did  not  return  during  the  test 
period. 

These  tests  indicate  that  Siberian  polecat 
scent  alone  doesn't  elicit  the  hole-plugging 
response  in  prairie  dogs.  A  visual  cue  seems 
necessary  since  all  plugs  were  in  burrows 
where  prairie  dogs  had  visually  detected 
polecats.  Woodis  (1981)  also  reported  that  Si- 
berian polecat  scent  alone  didn't  elicit  plug- 
ging by  black-tailed  prairie  dogs  in  Colorado. 

Test  results  lead  us  to  believe  that  both 
species  of  prairie  dogs  may  plug  burrows  oc- 
cupied or  "visited"  by  black-footed  ferrets, 
but  that  on  occasions  no  plugging  may  be 
found  in  ferret-occupied  colonies.  Black-foot- 
ed ferret  searchers  should  continue  to  look 
for  plugged  burrows  but  should  not  rely  on 


this  phenomenon  as  an  indicator  of  the  pres- 
ence or  absence  of  black-footed  ferrets. 
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DIFFERENTIAL  WINTER  MORTALITY  BETWEEN  MALE  AND  FEMALE 
MULE  DEER  FAWNS  IN  UTAH 

Jordan  C.  Pederson' 

Abstract.—  During  the  winters  of  1980-1984  winter  mortality  of  mule  deer  fawns  in  central  I'tah  was  assessed.  It 
was  determined  that  the  winter  mortality  ratio  for  female  fawns  as  compared  to  males  was  156:100.  This  mortality 
factor  should  be  taken  into  consideration  by  game  and  range  managers  when  determining  harvest  recommendations. 


Among  black-tailed  deer  (Odocoiletis  he- 
mionus  columbianus)  under  18  months  of  age 
in  California  more  males  died  than  females 
during  winter  (Taber  and  Dasmann  1954). 
Higher  male  winter  mortality  rates  docu- 
mented in  the  California  study  conflict  with 
casual  observations  made  by  the  author  dur- 
ing early  spring  winter-range  evaluations  in 
Utah.  These  impressions  indicated  exactly  the 
opposite:  many  more  female  than  male  fawns 
died  during  winter.  Such  observations  incur 
greater  significance  when  one  considers  that 
males  generally  predominate  in  fetal  sex  ra- 
tios (Anderson  1981).  If  winter  mortality 
among  fawns  had  been  random,  one  would 
expect  to  observe  more  dead  male  than  fe- 
male fawns.  Therefore,  this  study  was  ini- 
tiated to  investigate  the  possible  existence  of 
differential  winter  mortality  between  mule 
deer  male  and  female  fawns. 

Study  Area  and  Methods 

The  vegetative  communities  on  the  study 
sites  were  composed  of  Gambel  oak  (Quercus 
gambelii),  pinyon  pine  {Pintis  edulis),  Utah 
juniper  {Juniperus  osteospemia),  and  big  sage- 
brush (Artemisia  tridentata)  in  varying  per- 
centages and  combinations.  Elevation  of  win- 
ter ranges  varied  from  1500  m  to  2300  m. 
The  counties  studied  were  Juab,  Salt  Lake, 
Sanpete,  Tooele,  Utah,  and  Wasatch.  Se- 
lected winter  ranges  in  these  counties  were 
chosen  because  of  high  concentrations  of 
wintering  mule  deer  and  pa.st  histories  of 
winter  losses  during  winters  with  higher  than 
average  snow  fall  and  subzero  temperatures. 


Historical  data  concerning  sex  ratio  of 
fawns  in  the  study  area  were  taken  from 
Utah  Division  of  Wildlife  Resources  records 
on  file  at  the  Central  Regional  Office, 
Springville,  and  from  a  search  of  the  liter- 
ature. Zwank  (1979)  completed  a  study  of 
fawn  mortality  within  the  study  area  and 
captured  29  male  and  22  female  fawns 
(132:100).  Additional  live-trapping  data  dur- 
ing the  winter  on  the  study  area  yielded  196 
male  fawns  and  155  females,  a  sex  ratio  of 
126  male  to  100  female  fawns  (Utah  Division 
of  Wildlife  Resources  records  on  file  in  Cen- 
tral Regional  Office,  Springville).  Others 
working  with  mule  deer  fawns  in  the  west 
show  even  higher  male: female  ratios  in  fetal 
and  neonatal  studies  (Warren  1973,  Papez 
1976,  Robinette  et  al.  1957a,  1977,  Zeigler 
1978,  Anderson  1981,  Smith  1983).  These  re- 
ported ratiosranged  from  101:100  to  172:100 
(N  =  4471,  X  =  113:100).  I  used  the  ratio  of 
111:100  (Robinette  et  al.  1957a)  in  the  chi- 
square  statistical  analysis.  This  ratio  was  used 
because  it  represents  an  average  ratio  over  a 
number  of  studies,  and  this  conservative  ratio 
is  lower  for  males  than  was  actually  observed 
in  the  study  area. 

Deer  winter  range  in  central  Utah  was 
searched  via  horseback  during  spring  1980 
through  1984  in  an  effort  to  determine  the 
extent  of  winter  loss  of  mule  deer  fawns. 
Wintering  areas  were  systematically  searched 
at  the  same  intensity  (260  km  per  year)  and 
on  predetermined  lines  of  travel  each  spring. 
Winter-killed  deer  were  sexed  using  the  pres- 
ence of  antler  pedicels  to  denote  male  fawns 
and  aged  according  to  the  technique  de- 
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scribed  by  Robinette  et  al.  (1957b).  Records 
were  kept  by  date,  herd  unit,  sex,  age,  and 
drainage.  Differential  winter  mortality  of  fe- 
male fawns  was  tested  statistically  by  chi- 
square  analysis  (Himtsberger  1967). 

Results 

Mule  deer  fawn  winter  loss  observed  in 
central  Utah,  1980-1984,  shows  587  males 
and  913  females  (Table  1).  The  mean  ratio  of 
dead  males  to  females  was  100:156  for  the 
study  period.  The  observed  winter  losses  for 
1980,  1982,  1983,  and  1984,  where  sample 
sizes  were  >200  each  year,  yielded  ratios  of 
100:159,  100:152,  100:158,  and  100:154, 
respectively. 

Chi-square  analysis  showed  that  winter 
mortality  of  female  fawns  observed  in  central 
Utah  was  significantly  higher  (X^  =  57.65, 
4df,  P<  0.005)  than  would  be  expected  from 
random  selection  assuming  a  male  to  female 
ratio  of  111:100  at  birth  and  equal  summer- 
fall  mortality  rates  (Table  1).  The  death  ratio 
of  male  to  female  fawns  showed  a  range  of 
100:200-100:152.  The  five-year  mean  was 
100:156  males  to  females. 

Discussion 

Results  indicate  higher  differential  winter 
mortality  occurs  among  female  fawns  in  cen- 
tral Utah.  These  results  differ  greatly  from 
the  higher  male  fawn  mortality  rates  report- 
ed by  Taber  and  Dasmann  (1954)  but  agree 
more  closely  with  the  0.94:1.00  male  to  fe- 
male ratio  found  in  Utah  by  Robinette  et  al. 
(1957a).  He  stated,  "The  winter-loss  rate  for 
female  fawns  is  about  1.2  times  that  of 
males." 


One  possible  explanation  for  the  observed 
differential  winter  mortality  among  females 
and  males  is  that  fawn  weights  recorded  in 
October  have  shown  female  fawns  to  be  from 
9  to  13%  lighter  than  males  (Brown  1961, 
Austin  and  Urness  1976,  Robinette  et  al. 
1977,  Papez  1976,  Pederson  1970).  During 
extreme  winters,  such  as  those  experienced  in 
1980,  1982,  1983,  and  1984,  a  9-13%  lower 
body  weight  for  female  fawns  may  be  enough 
of  a  factor  to  result  in  higher  winter  mor- 
tality for  females  than  for  males.  A  realistic 
maximum  allowable  weight  loss  for  wild  deer 
is  from  20  to  25%  of  their  fall  body  weight 
(Brown  1961). 

Time  of  breeding  may  affect  the  sex  ratio 
of  fawns  (Ozoga  and  Verme  1975).  White- 
tailed  deer  (O.  virginianus)  females  bred 
early  (13-24  hours)  in  their  estrus  cycle  gave 
birth  to  14.3%  male  fawns.  The  percent  of 
male  fawns  increased  up  to  80.8  for  does 
bred  49-95  hours  after  the  onset  of  estrus 
(Verme  and  Ozoga  1981).  At  the  start  of  the 
breeding  season,  bucks  have  more  does  to  ser- 
vice than  at  the  end  of  the  season.  Central 
Utah  herds  typically  have  a  low  buck  to  doe 
ratio  due  to  extremely  high  "buck  only" 
hunting  pressure  (Jense  1982).  For  the  first 
estrus  cycle  of  the  year,  perhaps  a  higher 
number  of  does  are  bred  late  in  estrus,  which 
results  in  more  male  fawns.  These  would  be 
at  least  28  days  older  than  fawns  born  to  does 
bred  in  a  later  estrus  cycle;  similarly,  early- 
conceived  fawns  (predominantly  female) 
could  be  even  older.  Breeding  in  the  second 
or  third  estrus  not  only  results  in  fawns  28-56 
days  younger  but,  because  the  limited  num- 
ber of  bucks  have  fewer  does  to  service,  these 
offspring  may  be  largely  female.  Late  season 
(November-December)  buck  hunts  in  Utah 


Table  1.  Mule  deer  fawn  winter  loss  observed  in  Central  Utah,  1980-1983. 


Expected  number 

Dead  male 

Dead  female 

Total  dead 

of  dead  female 

Ratio 

Year 

fawns 

fawns 

fawns 

fawns' 

F/M 

1980 

86 

137 

223 

106 

1.59 

1981 

3 

6 

9 

4 

2.00 

1982 

164 

250 

414 

196 

1.52 

1983 

146 

231 

377 

179 

1.58 

1984 

188 

289 

477 

226 

Total  (mean) 

587 

913 

1500 

711 

(1.56)° 

'Expected  number  of  dead  female  fawns  is  calculated  by  multiplying  .474  by  the  total  number  of  dead  fawns.  The  coefficient  .474  is  based  on  the  ratio  of 
Ul  male  fawns  to  100  female  fawns. 
•(P<  0.005) 
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may  have  contributed  to  disruption  of  breed- 
ing cycles  and  imbalanced  sex  ratios  in  breed- 
ing herds.  This  has  profound  management 
implications  and  should  be  investigated  fur- 
ther. Heavy  buck  harvest  may  indirectly  be 
influencing  neonatal  sex  ratios,  thus  lowering 
potential  winter  survival  of  both  sexes  of 
fawns.  A  large  part  of  the  annual  fawn  crop 
being  bom  late  in  the  season  could  result  in 
smaller  fawns  (of  both  sexes)  entering  the 
winter  period.  But  this  may  have  a  greater 
affect  on  the  female  segment  of  the  herd. 

The  occurrence  of  differential  mortality 
rates  of  female  fawns  is  of  particular  interest 
because  the  reproductive  segment  of  the  herd 
is  being  adversely  affected.  When  such  losses 
occur  they  must  be  taken  into  account  by 
those  responsible  for  drafting  management 
plans  and  making  harvest  recommendations. 
The  loss  of  high  numbers  of  female  fawns 
several  years  in  succession  could  severely  re- 
duce the  potential  rate  of  herd  increase.  A 
knowledge  of  the  extent  of  female  losses 
should  help  managers  reduce  controllable 
mortality  such  as  legal  harvest. 
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TRANSVERSE  PATTERN  OF  VEGETATION  ON  AVALANCHE  PATHS 
IN  THE  NORTHERN  ROCKY  MOUNTAINS,  MONTANA 

George  P.  Malanson'  and  David  R.  Butler' 


Abstract.—  The  pattern  of  vegetation  on  avalanche  paths  has  usually  been  ascribed  to  the  damage  done  by 
snowslides.  In  the  northern  Rocky  Mountains  the  pattern  of  herbs,  shrubs,  and  small  trees  appears  to  be  more 
complex  than  could  be  accounted  for  by  avalanche  magnitude  and  frequency.  The  vegetation  on  one  path  in 
Montana  illustrates  that  the  topography  of  the  path  is  a  factor  in  the  distribution  of  species.  Three  zones  exist  across 
avalanche  paths:  an  inner  zone  of  herbs  and  suffrutescent  shrubs  occupying  a  ravine,  which  is  snow  covered  longer 
lan  elsewhere;  flanking  zones  of  dense  shrubs  and  trees  with  flexible  stems;  and  an  outer  zone  of  less  dense  shrubs 
that  is  more  xeric.  The  pattern  of  vegetation  seems  to  be  due  to  avalanche-related  stress  rather  than  damage. 


Avalanche  paths  cut  vertical  swaths 
through  the  mature  subalpine  forests  of  the 
western  United  States.  The  paths  harbor  sin- 
gular assemblages  of  plant  species  that  are 
not  found  elsewhere  in  the  region.  Avalanche 
paths  present  a  variety  of  ecological  prob- 
lems: they  are  isolates;  they  are  frequently 
disturbed;  and  they  contain  special  features 
of  the  physical  environment.  In  this  paper  we 
present  observations  of  vegetative  patterns 
on  avalanche  paths.  These  observations  illus- 
trate that  disturbance  and  stress  (sensu  Grime 
1979)  define  portions  of  a  continuum  of  envi- 
ronmental events. 

The  vegetation  on  avalanche  paths  has 
been  discussed  in  terms  of  the  frequency  and 
magnitude  of  avalanche  events.  Ives  et  al. 
(1976)  described  a  transverse  pattern  of  tree 
species  on  avalanche  paths  in  Colorado.  They 
reported  an  inner  zone  of  alpine  plants  or  as- 
pen {Popiilus  tremuloides)  and  willow  {Salix 
spp.),  which  they  associated  with  small,  fre- 
quent avalanches.  This  inner  zone  is  bounded 
by  a  zone  of  destroyed  mature  trees  with 
seedlings  or  saplings  of  conifers  and  aspen 
where  avalanches  are  larger  and  less  fre- 
quent. Carrara  (1979),  also  working  in  Colo- 
rado, attributed  a  similar  vegetative  pattern 
to  the  timing  of  large  and  small  avalanche 
events.  He  distinguished  between  wider  and 


higher  dry  snow  avalanches  and  more  re- 
stricted wet  snow  slides. 

In  Washington  Smith  (1974)  attributed  the 
distribution  of  species  on  avalanche  paths  to 
a  combination  of  avalanche  events  and  mois- 
ture gradients.  She  described  a  detailed  trans- 
verse pattern  of  shrub  species.  She  concluded 
that  the  pattern  was  related  to  a  moisture 
gradient,  which  in  turn  was  determined  by 
the  frequency  of  avalanches.  Cushman  (1976) 
used  multivariate  analysis  to  study  avalanche 
paths  in  Washington.  She  found  that  ava- 
lanche frequency  could  be  associated  with 
shrub  and  tree  communities,  but  was  not  well 
associated  with  herb/shrub  communities.  She 
hypothesized  that  herbaceous  species  were 
distributed  in  response  to  soil  conditions  re- 
lated to  snow  cover  on  the  paths. 

Butler  (1979),  examining  a  longitudinal 
pattern  on  avalanche  paths  in  Montana, 
found  that  flexible-stemmed  deciduous  trees 
were  more  common  higher  on  the  paths,  and 
conifers  became  more  common  on  the  less 
frequently  impacted  runout  zone.  He  at- 
tributed the  difference  in  shrub  and  her- 
baceous composition  between  sites  of  differ- 
ent aspect  (NW/SE)  to  moisture  availability. 

On  numerous  avalanche  paths  in  Montana 
we  have  observed  that  up  to  three  distinct 
zones  occur  between  the  trim   lines  of  the 
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mahire  forest.  Such  paths  experience  a  return 
interval  of  3-5  yr  (Schaerer  1972,  Butler 
1979,  Butler  and  Malanson  1984a).  An  inner 
zone  is  dominated  by  large  herbs  and  suffru- 
tescent  shrubs.  The  inner  zone  is  usually  con- 
fined to  a  ravine  containing  an  intermittent 
stream.  On  smaller  paths  the  inner  zone  may 
be  absent.  Flanking  the  inner  zone  on  either 
side  are  bands  of  small  deciduous  trees  and 
shrubs  with  flexible  stems.  The  density  of 
shrubs  is  high  in  this  flanking  zone  and  de- 
creases into  the  third  and  outer  zone  of  the 
path.  The  outer  zone  is  characterized  by  a 
community  similar  to  that  of  the  flanking 
zone,  but  at  lower  density. 

These  observations  indicate  that  the  trans- 
verse patterns  of  vegetation  are  more  com- 
plex than  can  be  accounted  for  by  a  magni- 
tude/frequency hypothesis.  The  following 
section  presents  field  data  describing  the 
transverse  pattern  of  one  avalanche  path, 
from  which  we  argue  that  a  hypothesis  stat- 
ing that  magnitude  and  frequency  of  events 
directly  control  the  transverse  pattern  of  veg- 
etation on  avalanche  paths  should  be 
rejected. 

Observations 

Site.—  We  chose  a  single  path  that  has 
three  zones.  The  path,  located  on  the  south- 
em  boundary  of  Glacier  National  Park,  was 
chosen  prior  to  our  perception  of  the  nature 
of  the  transverse  pattern  of  the  vegetation.  It 
has  two  source  areas  at  an  elevation  of  about 
1800  m.  The  nmout  zone,  which  crosses  Shed 
7  of  the  Burlington  Northern  railroad,  is  at 
1250  m.  Tree-ring  analysis  of  conifers  dam- 
aged by  avalanching  indicates  that  major 
avalanches  occurred  on  this  path  in  1982, 
1979,  1974,  1972,  1970?,  1963,  1957,  1954, 
1950?,  and  1948  (Butler  and  Malanson 
1984a). 

Sample.—  With  a  different  purpose  in 
mind,  we  sampled  the  vegetation  on  the  path 
using  a  forest  fire  fuel  inventory  method 
(Brown  et  al.  1982).  We  ran  four  transects 
across  the  path,  each  50  m  apart.  We  located 
a  sample  plot  next  to  the  central  stream 
channel  on  each  transect  and  at  25  and  50  m 
away  from  the  stream  on  both  sides.  The  lo- 
cations of  the  sample  plots  are  shown  in  Fig- 
ure 1.  The  topography  and  the  vegetation 


bands  are  asymmetrical.  Four  plots,  three  on 
the  eastern  side  of  the  path,  are  in  the  outer 
zone.  The  four  centrally  located  plots  are  in 
the  inner  zone.  The  remaining  12  plots  repre- 
sent the  flanking  zone. 

The  fuel  inventory  for  each  plot  included  a 
count  of  the  deciduous  tree  or  shrub  stems  in 
two  1.01  m-  circular  plots.  The  stems  were 
counted  by  diameter  classes  of  0-.5,  .5-1.0, 
1.0-1.5,  1.5-2.0,  2-3,  3-5,  and  >5  cm.  The 
percent  foliar  cover  of  trees  and  shrubs  in 
each  plot  was  estimated  by  two  workers, 
from  whose  observations  a  mean  was  com- 
puted. Shrubs  and  trees  were  identified  by 
species. 

Herbs  were  sampled  by  weight  only.  Four 
0.1794  m^  rectangular  plots  were  arranged  at 
corners  of  a  2-m  square.  The  plot  with  the 
most  abundant  herb  component  was  selected, 
and  the  abundance  of  the  herbs  in  the  other 
three  plots  was  estimated,  by  two  workers,  as 
a  percentage  of  the  first  plot.  The  above- 
ground  herbs  from  the  first  plot  were  then 
clipped,  taken  from  the  field,  dried,  and 
weighed.  The  herbs  were  not  identified  by 
species  in  these  samples,  but  the  presence  of 
dominant  herbs  was  noted. 

Results 

In  the  inner  zone  the  plant  community  is 
characterized  by  suffrutescent  shrubs  and 
herbs  (Table  1).  Heracleum  lanatum  is  the 
dominant  herb;  others  include  Verotrum  vi- 
ride  and  Urtica  dioica.  The  shrub  diversity 
and  stem  coverage  is  less  than  that  in  the 
other  zones  (Table  2).  Riibiis  pawifolius  is 
the  dominant  shrub,  although  Cornus  stoloni- 
fera  and  Popuhis  tremtdoides  saplings  domi- 
nate one  inner  zone  plot.  The  community  of 
the  inner  zone  occupies  a  topographic  ravine 
along  the  stream.  At  the  edge  of  the  ravine 
the  break  in  slope  coincides  with  a  sharp  veg- 
etative boundary. 

In  the  flanking  zone,  shrub  and  tree  species 
dominate.  Populus  tremuloidcs,  Acer  gla- 
briwi,  Alnus  sinuata,  and  Amelanchier  alni- 
folia  are  most  abundant  (Table  2).  Shrub  di- 
versity is  highest  in  the  flanking  zone,  with 
richness  ranging  from  4  to  9.  Herb  biomass  is 
high,  but  relatively  less  important  than  in  the 
inner  zone.  On  some  plots  at  the  left  side  of 
the  path  the  herb  biomass  is  notably  high 
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Fig.  1.  Map  of  the  vegetative  patterns  and  sample 
transects  on  the  avalanche  path  above  Shed  7. 

where  the  flanking  zone  is  close  to  the  forest 
margin  (Table  1  and  Fig.  1). 

In  the  outer  zone  on  the  eastern  side  of  the 
path  shrub  diversity,  cover  and  stem  density 
and  size  are  low  (Table  2).  The  biomass  of 
herbs  is  also  relatively  low.  This  zone  is  com- 
paratively depauperate  in  both  biomass  and 
species  richness.  It  is  generally  farther  from 
the  stream  and  is  open  and  exposed. 

Discussion 

The  pattern  of  vegetation  we  observed 
could  not  have  resulted  from  differences  in 
disturbance  alone.  The  vegetation  of  the  in- 
ner zone  could  be  damaged  by  avalanches 
more  frequently  than  vegetation  in  the  flank- 
ing and  outer  zones;  however,  the  vegetation 
in  these  exterior  zones  is  well  able  to  survive 
avalanche  impact  and  burial.  Further,  little 
difference  exists  in  shrub  species  composition 


between  the  flanking  and  outer  zones.  The 
avalanche  factor  most  likely  to  influence  the 
pattern  of  vegetation  is  burial  by  snow.  Ava- 
lanches deposit  large  quantities  of  snow,  even 
filling  the  topographic  ravines  of  the  inner 
zone  (Butler  1984).  The  inner  zone  may  re- 
main under  snow  for  several  weeks  after  the 
rest  of  the  path  is  clear.  This  shorter  growing 
season  is  a  stress  (sensu  Grime  1979),  not  a 
disturbance;  growth  is  slowed,  not  destroyed. 
The  primary  factor  is  therefore  topographic, 
not  catastrophic. 

From  the  edge  of  the  inner  ravine  to  the 
trimline  of  the  path,  a  moisture  gradient 
probably  exists.  The  shnibs  near  the  ravine 
should  have  access  to  a  larger  supply  of  soil 
moisture  from  the  melting  snow  in  the  ravine 
and,  later  in  the  year,  from  the  water  table. 
The  outer  zone  would  have  less  accessible 
water,  and,  because  it  is  more  open,  a  more 
xeric  microclimate.  These  views  on  available 
soil  moisture  are,  at  this  time,  necessarily 
speculative,  but  the  differences  in  micro- 
climate are  obvious. 

As  noted  above,  some  narrower  avalanche 
paths  lack  a  distinct  inner  zone.  With  less 
snow  and  less  water,  a  deep  ravine  does  not 
develop;  the  pattern  of  snow  cover  does  not 
exist;  and  shrubs  and  trees  are  able  to  occupy 
the  center  of  the  path.  In  casual  observations 

Table  1.  Biomass  and  foliar  cover  of  herbs  and  shrnbs 
on  the  plots  in  the  inner  (I),  flanking  (F),  and  outer  (O) 
zones. 


Zone 

Biomass 

(kg/m2) 

Cover 

(%) 

Plot 

Herbs 

Shrubs 

Herbs 

Shrubs 

1 

O 

0.0250 

0.5448 

8 

16 

2 

F 

0.0773 

9.4272 

50 

79 

3 

I 

0.0463 

1.5421 

8 

84 

4 

F 

0.0477 

8.4414 

40 

88 

5 

O 

0.1065 

0.8652 

70 

50 

6 

F 

0.0584 

12.4199 

13 

88 

7 

F 

0.0522 

10.1310 

32 

69 

8 

I 

0.0820 

4.6126 

40 

79 

9 

F 

0.1194 

3.0455 

13 

98 

10 

F 

1.8729 

0.8468 

60 

.50 

11 

F 

0.1071 

8.4989 

22 

50 

12 

F 

0.1023 

0.8256 

50 

60 

13 

I 

0.0923 

1.1.341 

42 

60 

14 

F 

1.0080 

7.3870 

84 

64 

15 

F 

0.3463 

2.1637 

32 

79 

16 

O 

0.0777 

0.4371 

8 

40 

17 

O 

0.1.384 

0.7979 

60 

22 

18 

I 

0.1260 

0.4959 

93 

50 

19 

F 

0.4817 

1.2783 

74 

60 

20 

F 

0.0687 

9.6440 

16 

79 
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Table  2.  Shnib  stem  area,  stem  density,  and  basal  areas  of  the  plots. 


Plot 
1 


Species 


Mean  stem 

Stems/ 

Basal  area/ 

area  (cm^) 

Ha 

Ha 

.22 

79,229 

17,431 

.14 

44,567 

6,175 

.47 

128,748 

59,953 

.05 

24,759 

1,2,38 

7.50 

14,856 

11,402 

.09 

44,567 

3,812 

.05 

19,808 

973 

.05 

34,663 

1,702 

.10 

74,278 

7,147 

.05 

4,9.52 

243 

.24 

44,567 

10,483 

.20 

9,904 

1,945 

.36 

34,663 

12,589 

.44 

14,856 

6,563 

.33 

24,759 

8,216 

.44 

4,952 

2,188 

9.62 

14,856 

142,927 

.44 

4,952 

2,188 

.12 

69,.326 

8,282 

.05 

4,952 

243 

.44 

14,856 

6,563 

2.90 

14,856 

43,011 

.15 

69,326 

10,068 

.61 

19,808 

12,047 

.20 

69,326 

13,612 

.51 

44,567 

22,587 

.79 

9,904 

7,779 

.05 

4,952 

243 

.05 

19,808 

973 

.14 

29,711 

4,117 

.05 

9,901 

486 

.05 

4,952 

243 

.05 

44,567 

2,188 

.05 

4,952 

243 

.34 

138,651 

47,4,35 

.05 

24,759 

1.216 

2.41 

4,952 

11,911 

38.48 

4,952 

190„569 

2.01 

24,759 

49,781 

.44 

4,952 

2,188 

.05 

9,901 

486 

.44 

19,808 

8,751 

.52 

,39,615 

20,414 

1.00 

19,808 

19,864 

2.24 

19,808 

44,431 

.05 

4,952 

243 

.44 

,34.663 

1,5,314 

1.23 

9,904 

12,1,54 

1.23 

4,952 

6,077 

1.43 

24,759 

.35,440 

.24 

24,7.59 

5,883 

.88 

9,904 

8,740 

.28 

99,037 

28,002 

.05 

9,904 

486 

.05 

4,9,52 

243 

.10 

24,7,59 

2,,382 

.17 

34.663 

5,761 

.23 

59,422 

13,609 

.25 

89,1,33 

21,954 

10 


Amelanchier  alnifoHa 
Berberis  repens 
Amelanchier  alnifoHa 
Berberis  repens 
Poptilus  tremuloides 
Primus  virg^iniana 
Rosa  spp. 
Rubus  idaeiis 
Vaccinitim  scopariitm 
Alnns  sinuafa 
Cornus  stolonifera 
Ribes  lacttstre 
Rosa  spp. 
Rtibiis  parvifloriis 
Vaccinitun  scoparium 
Amelanchier  alnifolia 
Popiilus  tremuloides 
Primus  virginiana 
Rhamnus  alnifolia 
Rosa  spp. 
Rubus  parvifloriis 
Sorbtis  scopulina 
Vaccinium  scoparium 
Amelanchier  alnifolia 
Berberis  repens 
Primus  virginiana 
Rhamnus  alnifolia 
Rosa  spp. 
Rubus  idaeiis 
Vaccinium  scoparium 
Arctostaphijlos  uva-ursi 
Berberis  repens 
Rubus  ideaus 
Rubus  parvifloriis 
Spirea  betulifolia 
Vaccinium  scoparium 
Ceanothus  spp. 
Populus  trem uloides 
Prunus  virginiana 
Rosa  spp. 
Spirea  betulifolia 
Vaccinium  scoparium 
Cornus  stolonifera 
Loncifera  involuctra 
Populus  tremuloides 
Rubus  idaeus 
Rubus  parvifloriis 
Salix  spp. 

Amelanchier  alnifolia 
Cornus  stolonifera 
Rubus  parvifloriis 
Sorbiis  scopulina 
Vaccinium  globiilare 
Amelanchier  alnifolia 
Berberis  repens 
Primus  virginiana 
Rosa  spp. 
Rubus  parvifloriis 
Vaccinium  globulare 
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Table  2  continued. 


Plot 


Species 


11 


12 


13 
14 


16 


17 


18 


19 


20 


Acer  glabrum 
Amchincliier  (ilui folia 
Airtostapli i/los  u la-u rsi 
Berberis  rvpens 
Poptihis  trcmuloidcs 
Pruniis  rirgi»iV;n« 
Rtihiis  idaeus 
Varcinium  glohulare 
Vaccinium  scoparium 
Amelancliier  alnifoUa 
Pachistinia  myrsinites 
Popiihis  trem uloidcs 
Pninu.s  iii<iini(in(i 
Rosa  spp. 
Rid^tis  idaeus 
Spirea  hetulifoUa 
Vaccinium  scoparium 
Ruhus  paniflorus 
Acer  glabrum 
Amelancliier  abii folia 
Berberis  repens 
Pack istima  myrsin ites 
Rubus  paniflorus 
Spirea  betuli folia 
Acer  glabrum 
Amelancliier  ainifolia 
Pachistinia  »i yrsin ites 
Rubus  paniflorus 
Spirea  bctulifolia 
Vaccinium  globulare 
Vaccinium  scoparium 
Amelancliier  ainifolia 
Arctostaphylos  uva-ursi 
Berberis  repens 
Rubus  idaeus 
Vaccinium  scoparium 
Amelancliier  ainifolia 
Berberis  repens 
Rosa  spp. 
Rubus  idaeus 
Vacciniinn  scoparium 
Prunus  virginiana 
Rosa  spp. 
Rubus  paniflorus 
Unidentified 
Vaccinium  scoparium 
Amelancliier  ainifolia 
Pachistinia  myrsinites 
Rubus  idaeus 
Vaccinium  scoparium 
AInus  sinuata 
Amelanchier  (dni folia 
Pachistinia  myrsinites 
Rubus  idaeus 
Rubus  paniflorus 
Spirea  bctulifolia 
Vaccinium  globulare 


Mean  stem 

Stems/ 

Basal  area/ 

area  (cm^) 

Ha 

Ha 

.08 

123,796 

9,344 

.49 

54,470 

26,700 

.05 

14,856 

729 

.05 

9.904 

486 

3.98 

24,759 

98,444 

.08 

34,663 

2,788 

.05 

118,844 

5,834 

.05 

4,952 

243 

.05 

4,952 

243 

.26 

44,567 

11.775 

.05 

39,615 

1,945 

.44 

4,952 

2,188 

.44 

4,952 

2,188 

.44 

9,904 

4,376 

.05 

99,037 

4,862 

.14 

29,711 

4,117 

.07 

49,518 

3,500 

.29 

183,219 

53,545 

2.81 

44,567 

125,032 

.28 

49,518 

14,001 

.05 

9,904 

486 

.05 

4,952 

243 

.24 

24,759 

5,883 

.08 

44,567 

3,364 

.40 

34.663 

13,724 

1.23 

9,904 

12,154 

.08 

34,663 

2,788 

.44 

34,663 

15,314 

.05 

24,759 

1,216 

.15 

79,229 

12,047 

.26 

44,567 

11,775 

.10 

49,518 

4,764 

.06 

128,748 

7,372 

.05 

49,518 

2.431 

.05 

49,518 

2,431 

.03 

99,037 

2,697 

.41 

79,229 

32,258 

.05 

44,567 

2,188 

.05 

24,759 

1,216 

.05 

69,326 

3,403 

.08 

39,615 

2,990 

.14 

14,856 

2,058 

.20 

9,904 

1,945 

.17 

34,663 

5.761 

.44 

14,856 

6,563 

.29 

54,470 

14,919 

.36 

99,037 

35,967 

.10 

99,037 

9,529 

.05 

14,856 

729 

.20 

9,904 

1,945 

3.53 

59,422 

209,753 

.64 

49,518 

31,502 

.11 

19,808 

2,247 

.05 

19,808 

973 

.11 

19,808 

2,247 

.05 

29,711 

1,459 

.20 

19.808 

3,889 
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we  detected  considerable  variation  in  the 
shapes  and  widths  of  the  patterns.  Although 
our  data  illustrate  only  one  case,  the  topogra- 
phy of  the  paths  seems  more  important  than 
avalanche  source  areas  in  affecting  the 
patterns. 

Two  areas  of  ecology  have  been  separated 
in  the  recent  literature:  stress  and  distur- 
bance (Cairns  1980,  Barrett  and  Rosenberg 
1981).  We  believe  that,  although  some  adap- 
tations seem  to  be  selected  by  either  stress  or 
disturbance,  many  environmental  events  have 
an  effect  that  varies  between  stress  and  dis- 
turbance. The  effect  may  depend  on  the  in- 
tensity of  the  event.  Following  the  definitions 
of  stress  and  disturbance  of  Grime  (1979),  an 
event  such  as  flooding  may  stress  some  spe- 
cies and  damage  others.  Different  flood 
events  could  damage  all  species  or  only  stress 
all  species  (cf  Malanson  and  Kay  1980,  Men- 
ges  and  Waller  1983).  Avalanche  events  also 
vary  in  intensity.  The  avalanches  of  Glacier 
National  Park,  Montana,  and  of  the  Cascades, 
Washington,  are  more  often  wet  snowslides 
with  lower  velocities  and  impact  pressures 
than  would  be  found  in  the  dry  snow  ava- 
lanches of  Colorado  and  Utah.  This  differ- 
ence may  account  for  the  simpler  pattern  de- 
scribed by  Ives  et  al.  (1976).  Carrara  (1979) 
thought  that  the  pattern  he  observed  was  due 
to  an  older  dry  snow  avalanche  affecting  the 
entire  path,  and  a  recent  wet  snow  avalanche 
affecting  only  the  inner  zone.  The  difference 
in  the  location  of  wet  and  dry  slides  within  a 
path  may  be  of  importance  in  Montana  also 
(Butler  and  Malanson  1984b).  In  general, 
stress  and  disturbance  in  plant  ecology  can 
and  should  be  integrated  through  an  analysis 
of  the  environmental  events. 
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EFFECTS  OF  2,4-D  ON  A  POPULUS  TREMULOIDES  COMMUNITY 
IN  THE  WESTERN  UNITED  STATES-22  YEARS  AFTER  TREATMENT 

Dale  L.  Bartos'  and  James  E.  Lester- 

Abstract.— Quaking  aspen  (Populu.s  trcmuloides  Michx.)  stands  were  accidentally  sprayed  with  2,4-D  in  a 
sagebnish  control  program  in  western  Wyoming  in  1958.  We  visited  the  site  during  the  summer  of  1981  to  evaluate 
the  long-term  effect  on  the  aspen  trees  and  the  associated  vegetation.  Initially,  some  observers  believed  that  the 
aspen  had  been  "destroved."  Subsequent  data  indicate  just  the  opposite— aspen  stocking  appeared  to  have  been 
improved  bv  the  treatment.  On  two  of  the  sampled  clones,  22  years  after  spraying,  there  were  approximately  17,000 
more  suckers/ha  on  the  spraved  than  on  the  unsprayed  plots.  These  are  adequate  numbers  to  restock  the  site  to 
pretreatment  densities.  .-Vlthough  undergrowth  vegetation  appeared  to  be  changed  as  a  result  of  the  treatment,  this 
cannot  be  attributed  solely  to  the  herbicide  because  heavy  grazing,  mostly  by  domestic  livestock,  has  occurred  on 
the  grazing  allotment.  A  similaritv  index  was  calculated  between  sprayed  and  unsprayed  portions  of  the  same  aspen 
clones.  Forbs  were  still  less  on  the  spraved  areas,  whereas  grasses  were  similar  on  the  sprayed  and  unsprayed  areas. 
Spraying  apparently  does  not  have  as  adverse  an  effect  on  aspen  communities  as  some  conservationists  originally 
thought. 


The  aspen  {Popiihis  tremuloides  Michx.) 
ecosystem,  widespread  throughout  North 
America  (Little  1971),  is  a  major  forest  type 
in  the  Rocky  Mountains.  This  system  produc- 
es multiple  resources  including  wildlife  habi- 
tat, wood  fiber,  and  summer  grazing  for  do- 
mestic livestock. 

Through  the  process  of  natural  plant  suc- 
cession many  aspen  forests  in  the  West  are 
succeeding  to  either  conifer-  or  shrub-domi- 
nated communities.  Such  conversions  are  a 
concern  to  the  resource  manager  because 
valuable  forage  and  wildlife  habitat  is  lost  in 
the  process. 

Understanding  the  role  of  disturbance  (e.g., 
herbicides)  as  a  tool  for  altering  succession  in 
the  aspen  ecosystem  will  contribute  toward 
our  imderstanding  the  fimctioning  of  the  sys- 
tem and  serve  as  a  basis  for  developing  sound 
management  alternatives.  The  two  most 
practical  management  alternatives  for  aspen 
lands  at  present  are:  (1)  permit  aspen-to- 
conifer  succession  to  proceed  in  serai  com- 
munities, or  (2)  manipulate  the  system  (i.e., 
burning,  cutting,  spraying)  to  set  back  plant 
succession  and  perpetuate  aspen  commu- 
nities. Usually,  both  of  these  alternatives  are 
imposed  in  conjunction  with  grazing  pressure 
from  domestic  livestock.  Such  perturbations 


and  subsequent  plant  succession  causes 
changes  in  resource  values  and  other  altera- 
tions in  the  ecosystem.  The  short-  and  long- 
term  responses  must  be  quantified,  where 
possible,  to  serve  as  the  basis  for  sound  land 
management  decisions. 

Although  spraying  of  herbicides  is  a  means 
of  manipulating  the  aspen  system,  it  has  sel- 
dom been  used  in  the  western  United  States 
because  of  anticipated  "adverse"  environ- 
mental consequences.  This  study  sought  in- 
formation from  an  aspen  site  that  was  acci- 
dentally sprayed  with  herbicides,  and  it 
should  give  us  a  better  understanding  of  the 
system's  response  to  such  disturbance.  This 
knowledge  should  result  in  more  meaningful 
management  recommendations  and  will  serve 
as  a  laasis  for  developing  future  studies  on 
proposed  spray  sites  in  the  Bridger-Teton 
(Wyoming)  and  Caribou  (Idaho)  national 
forests. 

In  1958,  an  extensive  spraying  operation  to 
control  sagebrush  was  carried  out  on  the 
Mosquito  Lake  Unit  of  the  Upper  Green  Riv- 
er Allotment,  Bridger  National  Forest,  in 
western  Wyoming.  Approximately  3640  ha  of 
big  sagebrush  {Arteynisia  tridentato  Nutt.) 
was  treated  by  aerial  application  of  low  vol- 
atile 2,4-D  ester.  With  respect  to  range  im- 
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provement,  the  project  was  deemed  a  total 
success  (Lester  1972).  However,  large  tracts 
of  quaking  aspen  and  a  few  conifers  were 
killed  or  injured  during  the  operation.  The 
Forest  Service's  sagebrush  control  program 
then  fell  under  severe  criticism  by  many  con- 
servationists, including  Justice  of  the  Su- 
preme Court  William  O.  Douglas.  At  the 
time,  the  Forest  Service's  sagebrush-spraying 
operation  was  curtailed  on  the  Upper  Green 
River  Allotment  and  the  region  reassessed  its 
methodology  and  changed  from  fixed-wing  to 
helicopters  for  applications  of  herbicides 
(William  F.  Davis,  pers.  comm.). 

Only  one  other  report  of  the  use  of  phen- 
oxy  herbicides  on  aspen  in  the  Intermountain 
West  was  found.  This  was  a  Forest  Service 
administrative  study  done  by  the  Fishlake 
National  Forest  in  central  Utah.  Between 
1965  and  1967,  190  ha  were  repeatedly 
sprayed  (up  to  6  times  during  the  growing 
season)  in  an  attempt  to  convert  the  deep- 
rooted  aspen  and  associated  communities  to  a 
more  shallow-rooted  grass  type  to  increase 
water  production  (Robinson  1971).  Aspen 
were  virtually  eliminated  from  the  site  and 
grass  production  increased  approximately  10 
times.  However,  other  problems  arose  as  a 
result  of  the  elimination  of  forest  cover,  in- 
cluding mass  slumping,  accelerated  erosion, 
and  some  damage  to  wildlife  habitat.  Robin- 
son (1971)  further  indicated  that  "massive  ap- 
plications of  herbicides  to  aspen  and  associ- 
ated plant  communities  are  not  rec- 
ommended at  present  since  the  full  ecologi- 
cal impact  of  such  treatment  is  not  known." 

The  accidentally  sprayed  site  in  western 
Wyoming  offered  an  excellent  opportunity  to 
monitor  the  response  of  aspen  to  herbicides. 
Although  22  years  have  elapsed  since  the 
spraying  occurred,  useful  information  is  still 
available  because  of  the  reproductive  strate- 
gies of  aspen.  Generally,  aspen  reproduces 
profusely  by  root  suckers  after  a  disturbance. 
Current  levels  of  aspen  reproduction  should 
indicate  the  degree  of  "damage"  the  aspen 
actually  did  sustain.  These  data  will  be  par- 
ticularly useful  now  because  of  the  renewed 
interest  in  using  herbicides  to  manipulate  as- 
pen forests,  especially  on  lands  not  conducive 
to  treatment  by  burning  or  cutting. 

The  two  main  objectives  of  this  study 
were: 


1.  To  determine  the  suckering  response  of 
aspen  in  the  sprayed  clones.  Sucker  density 
should  be  an  adequate  indicator  of  the  ability 
of  the  clone  to  regenerate  after  disturbance. 
Measuring  the  juvenile  individuals  should 
give  us  a  better  understanding  as  to  whether 
or  not  the  aspen  on  the  site  were  "destroyed" 
by  this  accidental  spraying  operation. 

2.  To  determine  the  long-term  change  in 
undergrowth.  Initial  changes  in  the  under- 
growth vegetation  are  not  available.  How- 
ever, long-term  differences  can  be  assessed  by 
comparing  sprayed  and  unsprayed  portions 
of  the  same  clones.  If  such  differences  are 
still  detected  in  the  understory  vegetation, 
this  could  indicate  where  the  successional 
process  is  in  returning  the  site  to  pre- 
treatment  conditions. 

Study  Area 

The  Mosquito  Lake  Grazing  Unit,  at  the 
north  end  of  the  Bridger  National  Forest,  is 
presently  administered  as  part  of  the  Bridger- 
Teton  National  Forest  (Fig.  1).  The  unit  is 
approximately  56  km  north  of  Cora,  Wyo- 
ming, in  the  northwest  part  of  the  state.  The 
5261  ha  grazing  unit  is  subdivided  into  four 
pastures.  Geographically,  the  study  site  lies  in 
several  sections  of  Townships  39  and  40 
North,  range  110  West,  at  an  elevation  of  ap- 
proximately 2760  m.  The  climate  consists  of 
short,  cool  summers  and  long,  severe  winters, 
with  average  yearly  precipitation  of  about  46 
cm  (Lester  1972). 

The  Mosquito  Lake  Grazing  Unit  is  a  high 
mountain  grassland  with  adjacent  woody 
communities.  In  the  south  central  portion  of 
the  unit  the  open  grasslands  are  interspersed 
with  shnibby  and  woody  vegetation.  Aspen  is 
the  dominant  woody  species  with  an  under- 
story consisting  of  species  such  as  bush 
cinquefoil  {PotentiUa  friiticosa  L.),  mountain 
snowberry  {Symphoricarpos  oreophilus  Gray), 
and  bearberry  (Arctostaphylos  tiva-ursi  [L.] 
Spreng.).  A  few  small  lodgepole  pine  {Pinus 
contorta  Dougl.)  also  occur.  Reed  (1971)  des- 
ignated this  type  as  a  Populus  tremu- 
loides / Symphoricarpos  oreophilus  association. 

Methods 

Sampling  was  limited  to  those  areas  that 
had  aspen.  Aspen  clones  were  selected  that 
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Fig.  1.  Map  of  the  Mosqviito  Lake  study  area  in  rela- 
tion to  the  Green  River  svstem  in  Wyoming. 

appeared  to  have  been  on  the  edge  of  the 
sprayed  area,  resulting  in  one  portion  of  the 
clone  having  been  treated  with  herbicides 
and  the  other  portion  missed.  Thus,  treated 
and  untreated  (control)  plots  were  selected 
from  a  single  clone.  Three  aspen  clones  were 
located  that  met  the  above  criteria,  and  six 
sampling  plots  were  established  within  these 
clones. 

The  selected  clones  apparently  occupied 
different  sites  both  because  of  site  phys- 
iography and  the  differences  observed  in  the 
undergrowth  vegetation.  Site  1  would  prob- 
ably be  classified  as  POTR/BERE  c.t.,  site  2 
is  clearly  a  POTR/SYOR  c.t.,  and  site  3  is  a 
POTR/ARTR  c.t.  (Youngblood  and  Mueggler 
1981). 

Aspen  suckers  were  counted  on  three 
transects  per  treatment  and  classified  as  to 
current  year  or  older.  These  transects  were 
30  m  long  and  2  m  wide  and  were  selectively 


located  so  they  would  fall  within  the  clone. 
Suckers  were  categorized  as  follows:  <  0.5  m 
tall,  0.5-2  m  tall,  and  >  2  m  tall  and  <  5.1 
cm  diameter  at  breast  height  (dbh).  Three 
representative  suckers  per  height  class  were 
cut  and  aged.  Also,  conifer  reproduction  was 
noted. 

To  characterize  the  aspen  clones,  plots 
that  were  100  m-  (10  x  10  m)  in  size  were  es- 
tablished. Within  these  plots,  all  mature  trees 
(>5.1  cm  dbh)  were  tallied,  and  height,  dbh, 
and  age  were  measured  using  standard  tech- 
niques for  five  of  the  largest  trees. 

Undergrowth  production  was  measured  at 
or  near  its  peak  during  the  first  week  of  Au- 
gust 1981.  Total  production  was  obtained 
and  expressed  on  a  dry  weight  basis.  Mea- 
surements were  made  using  three  sets  of  five, 
0.5  m-  circular  quadrats  that  were  randomly 
distributed  within  the  100  m^  macroplot  in 
each  treatment.  The  current  year's  biomass 
was  estimated  on  each  of  four  quadrats  as  a 
percent  of  the  fifth  one.  The  reference  quad- 
rat (fifth)  was  clipped  of  all  vegetation  to 
ground  level,  dried  in  an  oven  at  70  C  till  it 
reached  a  constant  weight  (at  least  48  hours), 
and  weighed.  The  percentage  estimates  were 
converted  to  weights  and  the  average 
weights  of  the  15  quadrats  were  expressed  as 
kilograms  dry  weight  per  hectare.  When 
sampled,  the  pasture  was  being  grazed  by 
cattle,  so  total  production  figures  are  lower 
than  they  would  have  been  under  nongrazing 
conditions. 

The  four  pastures  in  the  grazing  unit  are 
managed  in  a  rest-rotation  system— each  pas- 
ture is  grazed  for  three  years  and  rested  one. 
Comparison  of  the  sampled  pasture  to  the 
rested  pasture  allowed  us  to  estimate  use  as 
approximately  75%.  Grazing,  however,  ap- 
peared to  be  uniform  across  each  clone 
sampled. 

A  list  of  all  major  plant  species  was  devel- 
oped from  observations  made  within  the  100 
m^  plot.  The  following  cover  class  assign- 
ments were  used  to  quantify  various  species 
and  species  groups  on  the  plot: 

Class     Percent 
1 


1  = 

Trace- 

2  = 

1-5 

3  = 

5-15 

4  = 

15-25 

5  = 

25-50 

6  = 

50-100 
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Fig.  2.  General  views  of  the  three  stud\   sites     \    site   1    H,  site  2.  C,  site  3  (iie\t  page).  Note  the  sharp  contrast 
between  the  sprayed  and  unsprayed  portion  ot  eatli  clone. 


Results  and  Discussion 

Aspen  Trees 

TTie  aspen  responded  to  spraying  essen- 
tially as  we  had  anticipated.  The  above- 
ground  portion  of  the  overstory  trees  was  al- 
most totally  killed  by  the  accidental 
application  of  2,4-D,  and  there  was  a  release 
of  aspen  suckers.  But  these  findings  need  to 
be  put  in  proper  perspective:  all  measure- 
ments were  made  22  years  after  the  site  was 
treated,  and  no  initial  or  intermediate  sam- 
pling was  carried  out  on  the  aspen  sites. 
However,  the  junior  author  worked  on  the 
sagebRish-grassland  portion  of  this  grazing 
allotment  10  years  after  treatment  and  ob- 
served that  considerable  damage  had  been 
done  to  the  aspen.  He  (1972)  stated  that 
"large  tracts  of  quaking  aspen  and  a  small 
number  of  conifers  were  eliminated  or  in- 
jured during  the  operation." 

A  distinct  difference  was  observed  be- 
tween the  sprayed  and  imsprayed  portion  of 
the  clones  sampled  (Fig.  2).  After  22  years, 
we  foimd  essentially  no  mature  trees  on  the 
sprayed  portion  of  the  clones.  We  did  en- 


counter one  tree  in  the  10.2  to  15.2  cm  cate- 
gory on  one  of  the  transects  in  site  2.  On  the 
same  site  we  found  almost  600  .suckers/ha 
that  were  larger  than  our  biggest  reproduc- 
tion category,  e.g.,  greater  than  5.1  cm  dbh 
and  more  than  2  m  tall.  We  assumed  these 
individuals  were  not  more  than  22  years  old. 
We  thus  concluded  that  most  of  the  above- 
ground  portion  of  the  trees  and  reproduction 
were  completely  killed  by  the  herbicide  and 
all  died  shortly  after  application.  The  un- 
sprayed portion  of  the  clones  were  consid- 
ered to  represent  pretreatment  conditions. 
The  stands  measured  were  multistoried 
(Table  1)  and  ranged  in  density  from  1600  to 
3700  trees/ha.  These  densities  are  equal  to  or 
more  than  double  those  reported  by  Schier 
(1975)  for  80-year-old,  healthy  clones  in 
northern  Utah. 

No  distinct  patterns  emerged  from  the  de- 
scriptive data  obtained  from  the  five  largest 
trees  in  each  clone  (Table  1).  However,  the 
aspen  trees  on  site  2  are  shorter,  smaller  in 
diameter,  and  have  less  basal  area  even 
though  these  trees  are  not  the  youngest  of  the 
three  sites.  According  to  Baker's  (1925)  classi- 
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Fig.  2  continued:  C,  site  3. 

fication,  the  site  quality  would  be  site  IV  for 
all  three  areas,  which  is  a  poor  site  with  little 
chance  of  producing  aspen  wood  products 
other  than  firewood. 

The  basal  areas  calculated  for  the  three 
sampled  clones  appear  to  be  large  when 
compared  with  other  western  aspen  sites 
(Baker  1925,  Jones  and  Trujillo  1975,  Schier 
1975,  and  Hamiss  and  Harper  1982).  How- 
ever, our  values  lie  at  the  upper  end  of  the 

Table  1.  Stand  values  for  density,  diameter  at  breast 
hei<j;ht  (dbh),  and  basal  area  of  mature  aspen  trees  and 
height  and  age  of  the  five  largest  aspen  trees  on  the  un- 
sprayed  plots  for  three  sites. 


N 

unibers/ha 

Values 

Site  1 

Site  2 

Site  3 

Density 

5.1-10.2  cm 

1,000 

1,200 

— 

10..3-15.2cm 

1,.300 

1,500 

300 

15..3-2().3  cm 

600 

1,000 

600 

20.4-25.4  cm 

4(K) 

— 

400 

25.5-30.5  cm 

100 

— 

300 

Total 

3,400 

3,700 

1,600 

dbh  (cm) 

13.8 

12.5 

20.0 

Basal  area  (m^/ha) 

58.7 

49.5 

53.7 

Ht  (m) 

10.6 

8.9 

14.1 

Age  (years)" 

54.0 

56.3 

82.8 

°  Base  of  tree  was  used  to  determine  age. 


range  reported  by  Mueggler  and  Campbell 
(1982)  for  aspen  forests  in  southern  Idaho. 

Aspen  Suckers 

After  22  years,  there  were  still  sufficient 
numbers  of  aspen  suckers  (Table  2)  to  restore 
the  sites  to  densities  that  existed  prior  to 
treatment.  In  1981,  there  were  between 
18,000  and  24,000  suckers/ha  on  the  sprayed 
sites  and  between  3,000  and  20,000  on  the 
unsprayed  areas.  Only  site  1  had  no  signifi- 
cant statistical  differences  between  the  num- 
ber of  suckers  on  the  treated  and  the  un 
treated  portion  of  the  clones.  Such  reproduc- 
tion on  the  control  plots  would  indicate  that 
the  three  clones  were  self-regenerating. 

Disturbances  (burning  or  cutting)  of  the  as- 
pen forest  in  the  West  can  result  in  sucker 
densities  of  between  5,000  and  45,000/ha 
(Jones  and  Trujillo  1975).  Generally,  the 
number  of  .suckers  peak  the  first  year  after 
disturbance  (Sampson  1919,  Baker  1925, 
Smith  et  al.  1972,  Jones  1975)  and  then  de- 
cline over  several  years  until  the  numbers 
stabilize  at  a  level  comparable  to  what  was 
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Fig.  2  continued:  C,  site  3. 

an  the  site  before  treatment.  The  aspen  re- 
generation at  the  Mosquito  Lake  study  area 
had  not  stabiHzed  at  pretreatment  densities 
after  22  growing  seasons.  This  lack  of  stabil- 
ity can  be  attributed  in  part  to  use  by  both 
domestic  livestock  and  wildlife.  Jones  (1976) 
has  indicated  that  50,000  to  75,000  suck- 
ers/ha in  the  first  year  after  disturbance  is 
not  excessive  because  of  the  natural  thinning 
that  occurs  in  aspen  stands.  The  suckers  had 


probably  peaked  at  a  higher  number  and 
have  since  declined  to  the  numbers  observed. 
The  tremendous  suckering  ability  of  west- 
ern aspen  has  been  substantiated  by  several 
studies.  Mueggler  and  Bartos  (1977)  and  Bar- 
tos  and  Mueggler  (1982)  reported  20-fold  in- 
creases in  sucker  numbers  (up  to  50,000 /ha) 
in  both  southern  and  northern  Utah  after  as- 
pen had  been  clearcut.  On  another  northern 
Utah  site  that  was  cut.  Smith  et  al.  (1972)  de- 


Table  2.  Current  year  aspen  suckers  and  those  two  years  old  and  older  presented  for  three  size  classes.  Also  giyen 
are  the  mean  ages  for  the  yarious  size  suckers. 


Current 

suckers 

Numbers/ha 

<0.5  m  tall  suckers 

0. 

5-2  m  t, 

all  suckers 

>  2  111  tall  and 
cm  dbh 

<  5.18 

Total  number 
of  suckers. 

Site 

Numbers/ha 

Years 

N 

umbers/ 

^ha 

Years 

Numbers/ha 

Years 

Numbers/ha 

SlTEl 

Sprayed 

889 

4,278 

5 

7,389 

9 

6,222 

19 

18,778 

Un.sprayed 

1,278 

10,61  r 

5 

6,389 

10 

1,.389° 

14° 

19,667 

Site  2 

Sprayed 

444 

7,556 

4 

3,444 

8 

12,278 

17 

23,722 

Unsprayed 

333 

4.611° 

5 

889° 

14 

278° 

18 

6.111° 

Site  3 

Sprayed 

111 

5,444 

4 

5,611 

9 

8,167 

15 

19,333 

Unsprayed 

278 

1,944° 

8 

389° 

11 

56° 

12 

2,667° 

'Statistical  difference  between  the  sprayed  and  control  plots  (P>.90). 
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termined  there  were  between  74,000  and 
124,000  suckers/ha.  Jones  (1975)  found 
35,000  suckers/ha  on  aspen  clearcuts  in  Ari- 
zona. In  southwestern  Colorado  Hittenrauch 
(1976)  reported  from  15,000  to  25,000 
suckers/ha. 

The  aspen  suckers  varied  in  age  from  1 
year  (current)  to  22  years.  Within  the  con- 
straints of  our  limited  sample  size  and  be- 
cause no  suckers  were  found  to  be  over  22 
years  old,  we  assume  that  virtually  all  the 
pretreatment  reproduction  was  killed  in  the 
spraying  operation.  Drift  from  the  herbicide 
application  might  even  have  affected  the  un- 
sprayed  portions  of  the  sites.  However,  it  is 
more  likely  tliat  other  factors  (e.g.,  animal 
use,  suppression  by  mature  trees)  are  respon- 
sible for  the  absence  of  suckers  older  than  22 
years.  No  conifer  reproduction  was  found  on 
our  transects,  although  some  lodgepole  pine 
seedlings  were  observed  within  the  clones. 

Undergrowth  Production 

Although  midergrowth  production  was  de- 
termined at  peak  growth,  grazing  by  domes- 
tic livestock  was  intense  in  this  pasture  dur- 
ing the  summer  of  1981.  Production  values, 
therefore,  are  distorted  and  are  at  least  75% 
below  actual  production. 

Table  3  shows  the  measured  undergrowth 
production  for  the  three  aspen  clones.  On  all 
three  sites  there  were  significant  differences 
in  standing  herbage  between  the  sprayed  and 
imsprayed  portion.  The  sprayed  areas  on 
both  sites  2  and  3  had  approximately  twice 
the  undergrowth  as  their  respective  control 
areas.  It  was  just  the  opposite  on  site  1.  These 
inconsistencies  do  not  appear  related  to  envi- 
ronmental or  edaphic  factors.  A  strong  posi- 
tive relationship  exists  between  sucker  num- 
bers and  undergrowth  production  on  the 
unsprayed  portions  of  the  three  clones.  This 
increase  in  production  can  be  attributed  to 
the  aspen  reproduction  restricting  use  by  ani- 
mals. No  clear  pattern  emerges  to  indicate 
whether  or  not  spraying  has  a  detrimental  ef- 
fect on  imdergrowth  production. 

The  aspen  imderstory  communities  in  this 
area  have  been  designated  by  Reed  (1971)  as 
a  POTR/SYOR  association,  and  the  commu- 
nity types  for  the  three  sites  are 
POTR/BERE  (site  1),  POTR/SYOR  (site  2), 


and    POTR/ARTR   (site   3),    according   to 
Youngblood  and  Mueggler  (1981). 

Yoimgblood  and  Mueggler  found  under- 
growth production  values  to  vary  between 
800  and  1500  kg/ha;  however,  they  made  no 
reference  to  the  amount  of  grazing  they  en- 
countered. Our  values  are  somewhat  com- 
parable to  theirs,  particularly  when  one  con- 
siders that  approximately  75%  of  the 
production  had  been  utilized. 

Species  Composition 

Composition  of  the  undergrowth  in  these 
aspen  forests  was  only  moderately  complex. 
Only  15  species  of  plants  were  sufficiently 
abundant  to  individually  constitute  at  least 
1%  of  the  undergrowth  production  on  any  of 
the  study  sites. 

In  general,  it  is  difficult  to  say  whether 
spraying  changed  the  species  composition. 
No  general  trends  are  readily  obvious,  but 
this  could  be  attributed  in  part  to  the  exten- 
sive grazing  on  these  sites  during  the  1981 
grazing  season  and  in  previous  years.  More 
forbs  were  found  on  the  unsprayed  plots  than 
on  the  sprayed  areas,  which  agrees  with  ob- 
servations made  in  Canada  by  Hilton  and 
Bailey  (1974),  who  found  increases  in  grass 
and  grasslike  species,  and  by  Bowes  (1978), 
who  reported  forbs  were  reduced  as  a  result 
of  spraying. 

The  only  two  forbs  that  occurred  on  all 
sampled  sites  were  sticky  geranium  {Gera- 
nium viscosissimiim  F.  &  M.)  and  Nuttall  as- 
ter (Aster  perelegans  Nels.  &  Macbr.).  The 
geranium  was  the  most  abundant.  Other  im- 
portant forbs  that  contributed  to  the  overall 
makeup  were  showy  frasera  {Frasera  speciosa 
Dougl.),  strawberry  {Fragaria  vesca  L.),  and 
northern  sweetvetch  {Hedysarum  boreale 
Nutt.).  The  proportion  of  graminoids  in  the 
undergrowth   varied   from    a   trace   to   20%. 


Table  3.  Peak  herbage  present  on  plots  in  heavily 
grazed  aspen  clones  on  the  Upper  Green  River 
Allotment. 


Sprayed 


Kg/ha 


Unsprayed 


Site  1 

446.4 

Site  2 

481.8 

Site  3 

577.5 

767.4 
260.4 
294.9 


"Statistical  difference  between  the  sprayed  and  control  plots  (P>  .999). 
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Slender  wheatgrass  {Agropyron  caninum  [L.] 
Beauv.),  sedge  {Carex  spp.  L.),  Idaho  fescue 
{Festuca  idahoensis  Elmer),  and  Letterman 
needlegrass  {Stipa  lettertnani  Vasey)  were 
most  abundant.  Letterman  needlegrass  con- 
tributed most  to  the  graminoids  overall  and 
in  particular  on  the  sprayed  plots.  No  con- 
sistent trends  were  observed  in  the  shrubs  en- 
coimtered.  Big  sagebrush,  woods  rose  {Rosa 
woodsii  Lindl.),  and  mountain  snowberry 
were  by  far  the  most  abundant  shrubs.  The 
target  species  in  the  sprayiiag  operation  was 
big  sagebnish,  which  was  abundant  on  two  of 
the  sprayed  portions  of  the  sites.  This  abun- 
dance might  indicate  that  sagebrush  is  not  as 
susceptible  to  2,4-D  when  it  occurs  under  an 
aspen  canopy. 

To  facilitate  understanding  the  overall  di- 
vergence of  undergrowth  composition  caused 
by  spraying,  we  computed  Sorensen's  com- 
mimity  coefficient  (Mueller-Dombois  and  El- 
lenberg  1974)  as  an  index  to  the  similarity  be- 
tween sprayed  and  unsprayed  plots.  The  data 
used  in  this  comparison  were  percentage 
composition  based  on  cover  of  the  under- 
growth species  rather  than  actual  production. 
Thus,  the  index  compares  proportions  of  spe- 
cies irrespective  of  differences  in  total  under- 
growth production.  Aspen  reproduction  was 
excluded  from  the  analysis.  An  index  value  of 
1.00  indicates  identical  matching  of  species 
and  composition  on  the  compared  areas.  A 
value  of  0.00  would  indicate  that  the  areas 
have  no  species  in  common. 

When  all  species  were  used,  the  similarity 
index  (S.I.)  between  the  sprayed  and  un- 
sprayed plots  for  sites  1,  2,  and  3  was  0.24, 
0.50,  and  0.34,  respectively.  Because  after  22 
years  these  values  indicate  dissimilarity  in 
species  composition  on  the  treated  and  con- 
trol plots  for  the  three  sites,  it  will  probably 
be  a  considerable  length  of  time  before  these 
areas  return  to  their  pretreatment  similarity. 
An  S.I.  was  also  calculated  for  forbs,  shnibs 
(minus  aspen  reproduction),  and  grasses  on 
the  treated  and  untreated  portion  of  the 
clones.  Extremes  in  S.I.  were  found  in  the 
shmb  category  with  0.08  on  site  2  and  0.78 
on  site  1.  Higher  S.I.  were  found  for  grass 
and  grasslike  species  (site  1  =  0.19,  site  2  = 
0.68,  and  site  3  =  0.57)  than  for  forbs  (site  1 
=  0.40,  site  2  =  0.31,  and  site  3  =  0.24). 
These  results  substantiate  that  grasses  are  not 


harmed  appreciably,  but  forbs  are  harmed  by 
2,4-D. 

Conclusions 

The  accidental  spraying  of  aspen  that  oc- 
curred on  the  Upper  Green  River  grazing  al- 
lotment appeared  to  be  an  excellent  opportu- 
nity to  evaluate  the  long-term  effects  of 
herbicides  on  the  aspen  system.  Although  the 
treatment  occurred  22  years  before,  we  de- 
cided that  valuable  information  could  still  be 
gathered  because  of  the  growth  response  of 
aspen.  We  found  that  the  aboveground  por- 
tion of  the  aspen  trees  and  reproduction  was 
almost  totally  killed  as  a  result  of  the  single 
spraying  with  2,4-D.  Sprayed  areas  had  ap- 
proximately 20,000  suckers/ha,  which  for 
two  of  the  three  sites  sampled  was  almost  six 
times  more  than  the  tree  densities  on  the 
control  plots.  Treatment  by  herbicides  ap- 
pears to  have  aided  the  aspen  by  promoting 
suckering. 

Undergrowth  production  under  heavy 
grazing  was  low,  with  approximately  500 
kg/ha  being  recorded.  The  shrub  and  forb 
component  appeared  to  be  most  adversely  af- 
fected by  the  treatment,  but  the  graminoids 
were  somewhat  favored. 
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HIP  GLANDS  IN  A  NATURAL  POPULATION 
OF  MONTANE  VOLES  {MICROTUS  MONTANUS) 

Craig  R.  Groves^'^  and  Barry  L.  Keller' 

Abstract.—  We  recorded  the  occurrence  of  hip  glands  in  a  population  of  montane  voles  {Microttis  montanus)  in 
southeastern  Idaho.  Sexual  maturity  was  positively  associated  with  the  presence  of  hip  glands  in  both  males  and 
females.  Significantly  more  males  than  females  pos.sessed  hip  glands.  Males  and  females  with  hip  glands  were 
significantly  heavier  than  individtials  without  glands.  The  possible  function  of  hip  glands  in  scent  marking, 
aggression,  and  population  fluctuations  is  discussed. 


Many  species  of  Microtiis  possess  hip  or 
flank  glands.  The  histology  and  taxonomic 
significance  of  these  sebaceous  glands  were 
reviewed  by  Quay  (1968)  and  Skurat  (1969). 
Howell  (1924)  first  described  hip  glands  in  a 
population  of  montane  voles  {Microtiis  mon- 
tanus) in  California.  More  recently,  Jannett 
(1978)  and  Lyons  (1979)  reported  the  pres- 
ence of  hip  glands  in  populations  of  M.  mon- 
tanus in  Wyoming  and  Idaho,  respectively. 
Although  these  glands  have  been  examined  in 
several  laboratory  studies  (e.g.,  Jannett  1981), 
limited  quantitative  data  are  available  on  the 
occurrence  of  these  glands  in  wild  popu- 
lations. During  a  population  study  of  small 
mammals  in  southeastern  Idaho,  we  recorded 
the  presence  or  absence  of  hip  glands  for  86 
male  and  99  female  M.  montanus  (Groves 
and  Keller  1983).  The  purpo.se  of  this  paper 
is  to  compare  reproductive  characteristics 
and  weights  of  voles  in  which  hip  glands 
were  present  or  absent. 

Methods 

Our  research  was  conducted  on  the  Radio- 
active Waste  Management  Complex  of  the 
Idaho  National  Engineering  Laboratory  Site. 
Vegetation  in  the  areas  where  voles  were  live 
trapped  consisted  primarily  of  crested  wheat- 
grass  (Agropyron  cristatum)  that  had  been 
seeded  over  areas  where  low-level  radio- 
active waste  was  interred.  We  recorded  data 
on  the  occurrence  of  hip  glands  during 
monthly  trapping  intervals  from  April  to  July 


1979.  Details  on  the  study  area  and  trapping 
methods  are  provided  in  Groves  and  Keller 

(1983). 

Results  and  Discussion 

Hip  glands  occurred  on  65%  of  male  M. 
montanus  (Table  1).  There  was  a  positive  as- 
sociation between  sexual  maturity  in  males 
and  the  presence  of  hip  glands  (X^  =  25.54, 
P  <  0.01).  Males  with  hip  glands  were  signif- 
icantly heavier  than  males  without  glands  {t 
=  7.75,  P  <  0.01).  Compared  to  males,  few- 
er females  (12%)  possessed  hip  glands  (X^  = 
55.60,  P  <  0.01).  Like  males,  sexual  maturity 
in  females  was  positively  associated  with  the 
presence  of  hip  glands  (X^  =  6.23,  P  <  0.05). 
Females  with  hip  glands  were  also  heavier 
than  females  without  glands  {t  =  2.50,  P  < 
0.01). 

Howell  (1924),  Jannett  (1978),  and  Lyons 
(1979)  observed  that  only  a  few  female  M. 
montanus  possessed  hip  glands  in  wild  popu- 
lations, whereas  most  well-developed  hip 
glands  occurred  in  large  males.  Our  data  sup- 
port their  notions  that  only  a  few  females 
possess  hip  glands  in  natural  populations.  In 
contrast,  hip  glands  occur  commonly  in  both 
sexes  in  many  species  of  Microtus  (Quay 
1968). 

Our  data  suggest  that  weight  (age)  and  sex- 
ual maturity  are  related  to  the  development 
of  hip  glands  in  M.  montanus.  Lyons  (1979) 
reported  a  positive  correlation  between  mean 
monthly  weights  of  male  M.  montanus  and 
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the  percent  occurrence  of  hip  glands.  Jannett 
(1978)  indicated  that  hip  gland  development 
is  androgen-dependent  in  male  and  female  M. 
montanus,  as  well  as  several  other  microtine 
species.  Clarke  and  Frearson  (1972)  positive- 
ly associated  hip  gland  development  in  male 
M.  agrestis  with  sexual  maturity.  Correlations 
between  reproduction  and  hip  gland  occur- 
rence were  also  reported  for  male  and  female 
M.  xanthognathus  (Wolff  and  Lidicker  1979), 
male  and  female  M.  townsendii  (Maclsaac 
1977),  and  male  M.  californicus  (Lidicker 
1980).  In  a  long-term  stvidy  of  population  dy- 
namics of  M.  pennsylvaniciis,  Tamarin  (1981) 
observed  only  one  vole  with  hip  glands,  and 
this  individual  was  an  old,  sexually  mature 
male.  In  addition,  Boonstra  and  Youson 
(1982)  reported  well-developed  hip  glands  in 
breeding  males  of  M.  pennsylvaniciis  as  re- 
vealed by  histological  examination,  although 
no  consistent  relationship  was  observed  be- 
tween the  degree  of  hip  gland  development 
and  breeding  status  in  females. 

Jannett  (1981)  reported  that  scent  marking 
with  hip  glands  by  male  M.  montanus  in  the 
laboratory  is  rare,  although  other  species  of 
Microtus  do  exhibit  marking  behavior  with 
hip  or  flank  glands  (e.g.,  Wolff  and  Johnson 


Table  1.  Reproductive  characteristics  and  mean 
weights  of  montane  voles  in  which  hip  glands  were  pres- 
ent or  absent.  Males  with  scrotal  testes  were  considered 
to  be  in  reproductive  condition.  Females  who  had  pre- 
viously lactated  and/or  possessed  open  pubic  symphyses 
or  perforate  vaginas  were  considered  to  be  sexually 
mature. 


Hip  glands 


Present 


Absent 


Males 

Number  of  sexually 
mature  individuals 

Number  of  individuals 
not  sexually  mature 

Mean  weight  (g)  ±  S.E. 

(n) 

Females 

Number  of  sexually 
mature  individuals 

Number  of  individuals 
not  sexually  mature 

Mean  weight  (g)  ±  S.E. 

(n) 


44  6 

12  24 

41.2  ±  1.3  24.0  ±  2.0 

(56)  (30) 


12 


56 


0  31 

39.7  ±  2.1     29.6  ±  1.5 

(12)  (87) 


1979).  Lyons  (1979)  conducted  laboratory  ex- 
periments that  indicated  odors  from  hip 
glands  of  male  M.  montanus  may  be  impor- 
tant for  individual  and  group  recognition. 
Stoddart  et  al.  (1975)  compared  flank  gland 
secretions  for  different  sexes,  age  classes,  and 
poulations  of  Arvicola  terrestris.  They  found 
marked  differences  between  age  classes  and 
among  populations,  suggesting  a  strong  social 
influence  on  the  quality  of  flank  gland  secre- 
tions. The  precise  function  of  the  various  spe- 
cialized glands  (Quay  1962,  1965,  1968)  in 
microtine  rodents  is  uncertain,  but  it  would 
appear  that  these  glands  exude  chemicals 
(pheromones)  that  may  facilitate  recognition 
among  individuals  (Richmond  and  Stehn 
1976,  Beard  1978,  Lyons  1979,  Jannett  1981). 
Additionally,  they  may  integrate  breeding  of 
sexually  mature  individuals  (Keller,  in  press). 
Thus,  hip  gland  marking  may  be  important  in 
territorial  defense,  individual  recognition, 
and  other  social  interactions. 

Our  observations  of  hip  gland  occurrence 
in  an  increasing  M.  montanus  population  sug- 
gest that  these  glands  may  also  be  important 
in  behavioral  changes  that  occur  in  fluctuat- 
ing vole  populations  (see  review,  Krebs  and 
Myers  1974).  Jannett  (1981)  has  demonstrated 
that  scent  secretions  from  hip  glands  of  male 
M.  montanus  mediate  both  intra-  and  inter- 
specific attacks.  He  hypothesized  that  devel- 
opment of  hip  glands  at  puberty  stimulates 
aggressive  interactions  between  adult  and 
pubertal  voles,  and  may  also  reduce  recruit- 
ment of  voles  into  the  breeding  population. 
Future  research  efforts  should  investigate  the 
role  that  secretions  from  hip  glands  may  play 
in  different  phases  of  a  microtine  cycle. 
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MULTIPLE  USE  SYSTEMS  FOR  AQUACULTURE 

J.  M.  Hendersonl'2   r    ,\    Heckmann'  and  R.  N.  Winget^ 


i\BSTRACT.—  Two  recirculating  aquaciilture  systems  were  constructed  using  a  sequence  of  five  tanks  each.  Each 
system  contained  two  plant  species,  duckweed  {Lemrui  minor)  and  Chinese  water  chestnut  {Eleocharis  dulcis);  two 
fish  species,  channel  catfish  {IctaJurua  ptinctatus)  and  tilapia  (Tilapia  aurea);  and  a  freshwater  prawn 
{Macrobrachium  rosenhergii).  Duckweed  production  during  the  132-day  experiment  reached  as  high  as  87.2 
tons/hectare/year  (t/ha/vr).  Water  chestnut  production  was  not  successful  in  the  restricted  light  situation  of  the  lab, 
but  in  an  outdoor  test  planting,  corn  production  was  37.2  t/ha/yr.  Four  feeding  trials  were  attempted  using  the 
following  percent  of  fish  body  weight:  2.5%  commercial  feed;  5%  wet  duckweed;  15%  wet  duckweed;  and  15%  wet 
duckweed  with  1%  connnercial  feed.  Feed  to  flesh  conversion  ratios  averaged  1.97:1  for  the  three  control  tanks  and 
1.44:1  overall  for  the  treatment  tank.  The  fish-fed  duckweed  and  commercial  feed  grew  as  well  or  better  than  those 
fed  commercial  food  alone. 


Malnutrition  is  a  serious  problem,  espe- 
cially in  the  developing  nations  (Mayer 
1976).  In  the  United  States,  annual  food  pro- 
duction continues  to  increase  despite  large 
losses  of  prime  farmland  each  year  (Jorling 
1978).  According  to  Chapman  (1969),  the 
biggest  problem  is  not  one  of  food  avail- 
ability, but  the  lack  of  protein.  Fish  and  re- 
lated foods  are  being  developed  as  alternate 
protein  supplies  that  can  be  produced  at  rea- 
sonable prices.  There  is  a  great  potential  for 
aquaculture  in  the  Great  Basin  area  that  in- 
cludes the  multiple  use  systems,  one  of  which 
is  described  in  this  article. 

Approximately  6.4  kg  (14  lbs)  of  fish  per 
capita  are  consumed  annually  in  the  U.S. 
(USDA  1980).  In  1979,  over  half  of  this  was 
imported  (Holden  1978)  at  a  cost  of  over  $3 
billion,  according  to  USDA  statistics.  Fish  is 
an  excellent  protein  source  that  is  low  in  fat- 
ty acids  and  under  optimal  conditions  can  be 
produced  at  costs  competitive  with  other  ani- 
mal products  (Ray  1981). 

Successful  culture  of  warm  water  fish  re- 
quires a  constant  supply  of  warm  water  of 
approximately  27  C  (Caulton  1978,  USDA 
1973).  Most  warm  water  aquaculture  in  this 
country  is  in  the  south  and  southeast  because 
of  near  subtropical  weather  and  abundant 
surface  waters  (Flemming  1978,  Landreneau 
1981,  USDA  1973).  However,  other  regions 


have  potential  for  warm  water  aquaculture 
systems  if  alternate  energy  sources  for  heat- 
ing the  water— such  as  waste  heat  from  coal- 
fired  electrical  generation,  geothermal  water, 
and  solar  concentrators— could  be  used.  This 
could  increase  the  nation's  production  of  fish 
products  and  would  place  the  fish  closer  to 
the  market,  thus  cutting  transportation  costs. 

The  objective  of  this  study  was  to  develop 
a  multiple-use  approach  to  warm  water 
aquaculture  involving  two  species  of  warm 
water  fish,  channel  catfish  {Ictalurus  punc- 
tatus),  and  tilapia  {Tilapia  aurea);  two  species 
of  aquatic  plant,  duckweed  (Lemna  minor) 
and  Chinese  water  chestnut  {Eleocharis  dul- 
cis);  and  a  freshwater  prawn  {Macrobracium 
rosenhergii).  These  species  were  chosen  be- 
cause of  their  reported  compatibility,  high 
productivity,  and  marketability  (Dunseth 
1977,  Suffern  1980).  The  goals  for  the  project 
were  to  monitor  productivity,  water  quality, 
and  test  feeding  of  duckweed  to  catfish  and 
tilapia.  A  brief  description  of  each  of  the 
plant  and  animal  species  follows. 

Channel  catfish  was  well  known  as  a  food 
fish  in  the  United  States.  They  tolerate  a 
wide  range  of  dissolved  oxygen  and  temper- 
ature levels,  grow  well  on  artificial  feeds,  and 
tolerate  crowded  conditions  associated  with 
intensive  culture.  Diseases  such  as  Ichthyop- 
thirius  ("Ich")  can  cause  severe  problems  if 
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preventative  measures  are  not  taken.  Due  to 
propagation  techniques,  large  numbers  of  fin- 
gerlings  can  be  produced.  Flesh  quality  and 
good  public  image  are  responsible  for  their 
marketability  (USD A  1973).  Channel  catfish 
are  bottom-feeding  omnivores  that  can  reach 
marketable  size  of  454  g  (1  lb)  in  8  to  10 
months  at  27  C  (Brown  1977).  One  farm  in 
Buhl,  Idaho,  produces  up  to  4.5  t/ha/yr  (2 
t/a/yr)  at  a  2:1  feed  conversion  ratio  (Ray 
1981).  Other  farms  have  reached  feed  con- 
version ratios  as  low  as  1.3  to  1.5:1  (Brown 
1977). 

Tilapia  are  virtually  unknown  to  the 
United  States  consumer.  In  the  Far  East,  Af- 
rica, and  the  Middle  East  they  have  been  cul- 
tured for  thousands  of  years.  Tilapia  are  in- 
tolerant to  temperatures  below  9-15  C 
(Suffem  1980).  They  feed  low  on  the  food 
web,  eating  mostly  aquatic  macrophytes 
(Caulton  1978).  They  also  feed  on  waste 
products  of  other  aquatic  and  terrestrial  ani- 
mals (Infanger  1976,  Melarney  and  Todd 
1977,  Moav  et  al.  1977,  Rumsey  et  al.  1981). 
Except  for  temperature  tolerance,  tilapia  is  a 
hardy  species.  They  have  been  known  to 
withstand  oxygen  levels  as  low  as  1  mg/1  and 
salinity  as  high  as  72,000  mg/1  (Balarin  1979). 
At  100  g  tilapia  become  reproductively  ac- 
tive with  resultant  decreased  weight  gain.  To 
avoid  this,  hybrid  crosses  and  hormone  treat- 
ments that  result  in  mostly  male  offspring 
have  been  developed  (Shelfon  et  al.  1978). 
High-density  stocking  seems  to  disrupt  social 
behavior  that  can  slow  or  stop  reproduction 
(Suffem  1980).  Marketable  size  of  200  to  900 
g  (0.5  to  2  lbs)  can  be  reached  in  12  to  18 
months  (Lauenstein  1978).  Experiments  at 
Oak  Ridge,  Tennessee,  have  shown  an  esti- 
mated 56  t/ha/yr  can  be  produced  in  aerated 
sewage.  Feed  conversion  for  tilapia  has  been 
reported  at  1.3  to  1.5:1  (Collis  and  Smither- 
man  1978,  Lauenstein  1978).  Test  marketing 
shows  this  fish  has  excellent  taste  and  a  de- 
mand for  its  meat  can  be  developed  (Dunseth 
1977). 

Duckweed  occurs  in  still  or  slightly  mov- 
ing waters.  Flourishing  growth  is  frequently 
foimd  in  stagnant  small  ponds  or  ditches  rich 
in  organic  matter  (Hillman  1961).  Duckweed 
reproduces  vegetatively  by  rapid  clonal 
growth.  Under  proper  conditions,  weight  can 


double  every  2  to  4  days  (Harvey  and  Fox 
1973,  Rusoff  et  al.  1980).  Duckweed  growth 
is  2  to  20  times  faster  than  the  fastest  grow- 
ing terrestrial  plants.  Their  fronds  do  not 
form  a  complex  structure  but  instead  break 
into  colonies.  There  is  a  total  absence  of 
woody  tissue  (Hillman  and  Culley  1978). 

Production  of  duckweed  has  been  reported 
to  reach  levels  of  20  t/ha/yr  (1488  Ibs/a/mo) 
dry  weight  in  some  experiments  (Said  et  al. 
1979)  and  as  high  as  33.6  t/ha/yr  (2500 
Ibs/a/mo)  in  others  (Culley  and  Epps  1973). 
In  comparison,  alfalfa  production  for  1979  in 
the  United  States  averaged  7.13  t/ha/yr  (3.18 
t/a/yr)  dry  weight  (USDA  1980).  Crude  pro- 
tein content  of  alfalfa  is  around  16%  (Hillman 
and  Culley  1978)— duckweed  ranges  between 
20%  and  40%  (Culley  and  Epps  1973,  Rusoff 
et  al.  1980).  In  one  test  duckweed  produced 
more  than  twice  as  much  protein/ha  as  the 
best  alfalfa  pasture  and  10  times  as  much  as 
soybeans  (Walsh  and  Palmer  1979). 

According  to  Rusoff,  Blackeney,  and  Cul- 
ley (1980),  duckweed  protein  has  potential  as 
a  food  supplement  for  animals  and  they  pro- 
ject it  could  be  used  as  a  dietary  supplement 
for  man.  They  found  the  essential  amino  acid 
content  of  duckweed  protein  met  FAO  stan- 
dards except  for  methionine.  Hillman  and 
Culley  (1978)  reported  that  dairy  cows  will 
accept  up  to  75%  of  the  total  dry  weight  of 
their  feed  as  duckweed  with  no  ill  effects. 

The  Chinese  water  chestnut  is  a  sedge,  fam- 
ily Cyperaceae.  It  grows  to  a  height  of  five 
feet  and  reproduces  through  rhizomes  and 
corms.  Corms  are  widely  used  in  Chinese 
cooking.  Corms  25-30  mm  in  diameter  are 
most  useful  for  sale  while  smaller,  and  larger 
corms  are  used  for  propagation  or  animal 
feed  (Squires  1979).  Tops  can  be  used  as  an 
animal's  food  supplement.  In  ponds  at  Clem- 
son  University,  Chinese  water  chestnut  corms 
are  produced  at  a  rate  of  4,664  kg/ha/yr 
(2.08  t/a/yr)  (McCord  and  Loyacano  1978). 
These  ponds  had  lower  levels  of  NO3  and 
NH4-Nitrogen  than  those  without  water 
chestnuts.  Effectiveness  of  nutrient  removal 
by  aquatic  plants  is  affirmed  by  Boyd  (1970). 

Disadvantages  to  water  chestnut  and  duck- 
weed production  are  cost  of  harvest  and  re- 
moval of  water  from  plant  tissue.  Duckweed 
contains  as  much  as  95%  water  (Rusoff  et  al. 
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Fig.  1.  System  design,  capacity,  and  directions  of  water  flow. 


1980).  Koegel,  Livermore,  and  Bmhn  (1975) 
foimd  that  harvesting  rooted  aquatic  plants 
costs  $60-$94  per  acre,  which  is  higher  than 
expected  for  duckweed,  which  could  be 
skimmed  off  the  surface  (Culley  and  Epps 
1973).  Plants  can  be  dried  by  various  meth- 
ods, including  sun  drying  and  oven  drying 
(Lawson  et  al.  1974). 

Mocwbrachiiim  rosenbergii  is  the  most 
popular  freshwater  prawn  imder  cultivation 
in  the  United  States.  It  must  be  maintained  in 
warm  water  because  its  intolerance  to  cold 
temperatures  is  similar  to  that  of  tilapia 
(Stickney  1979).  Shang  and  Fvijimura  (1977) 
studied  the  economics  of  establishing  a  M.  ro- 
senbergii operation  in  Hawaii,  evaluating 
ponds  ranging  in  size  from  0.4  to  40  hectares. 
These  authors  determined  that  at  a  price  of 
$6.60/kg  (based  on  reasonable  wholesale 
prices  in  Hawaii),  a  farm  for  freshwater 
prawns  would  become  profitable  if  it  were  at 
least  4  hectares  in  area.  Macrobrachium  spe- 
cies require  water  of  low  salinity  during 
spawning  and  larval  development  but  may 
spend  the  remainder  of  their  lives  in  fresh 
water  (Bardach  et  al.  1975). 


Materials  and  Methods 

Two  recirculating  systems,  with  no  out- 
flow, involving  a  sequence  of  five  tanks  each 
were  constructed  (Fig.  1).  The  large  system 
had  approximately  twice  the  capacity  of  the 
small  system.  The  experiment  covered  132 
days.  Two  tanks  per  system  contained  tilapia 
and  channel  catfish.  Another  two  tanks  per 
system  contained  duckweed.  Into  one  duck- 
weed tank  per  system  were  placed  25  fresh- 
water prawn,  each  1  cm  long.  Into  the  other 
two  duckweed  tanks  were  placed  two  tilapia 
each  (6.3  g  combined  weight  in  the  large  sys- 
tem, 9.3  g  in  the  small  system).  The  fifth  tank 
in  each  system  contained  the  biological  filter 
composed  of  crushed  oyster  shell  and  Nitroso- 
monas  and  Nitrobacter  nitrifying  bacteria 
(Stickney  1979).  The  filter  tanks  contained  10 
six-inch  clay  pots  in  the  large  system  and  5  in 
the  small  system,  with  three  water  chestnut 
corms  planted  in  each  pot. 

The  water  in  each  system  was  circulated 
from  the  filter  tank  into  the  first  duckweed 
tank,  then  into  the  first  fish  tank,  next  into  a 
second  duckweed   tank,   then   a   second  fish 
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Tablk  1.   Large  system  lower  tank  (weights,  feed,  conversions).  Day  1  =  25  February  1981. 


Fish 

weights  (g) 

Feed 

(g) 

C< 

jtfish 

Tilapia 

Total 

Conversion 

Dav 

Wt. 

<« 

)  gain 

Wt. 

%  gain 

Duckweed 

Commercial 

(feed/flesh) 

1 

58.4 

182.6 

241.0 

14 

104.3 

79 

265.8 

46 

.370.1 

78.0 

0.60 

.30 

145.0 

39 

400.8 

51 

.545.8 

148.8 

0.85 

45 

213.2 

47 

619.2 

.54 

8.32.4 

257.1 

0.90 

fiO 

186.7 

0 

590.4 

0 

777.1 

691.5 

0 

0 

75 

178.8 

0 

608.5 

3 

787.3 

1631.0° 

0 

0 

91 

124.0 

0 

695.5 

14 

819.5 

1576.0° 

105.4 

8.17 

1(X) 

155.9 

26 

761.5 

9 

917.4 

1106.1° 

73.8 

1.88 

117 

230.5 

48 

9.30.0 

22 

1160.5 

2201.6° 

147.2 

1.51 

132 

293.5 

27 

1202.0 

30 

1495.5 

54.0° 

273.2 

0.83 

Total  gain  =  1254..5  g 

Total  feed— duckweed  =  726.0  g  dry  wt 

—commercial  =  108.3.5  g 
Overall  conversion  =  1 .44 
"Duckweed  from  an  outside  source 


tank,  and  back  into  the  filter  (Fig.  1).  Well 
water  was  used  in  the  large  system  for  the 
entire  experiment  but  in  the  small  system 
only  for  the  first  77  days.  On  day  77  well  wa- 
ter was  changed  over  to  waste  water  effluent 
from  a  coal-fired  power  generation  plant. 

Catfish  and  tilapia  received  a  pelleted 
commercial  catfish  food  fed  at  2.5%  of  their 
body  weight  per  day.  The  rate  was  adjusted 
on  15-day  intervals  according  to  the  growth 
of  the  fish.  In  the  large  system,  beginning  on 
day  45  of  the  experiment,  duckweed  was  sub- 
stituted for  the  commercial  food  in  one  fish 
tank.  Duckweed  was  fed  to  the  fish  at  the 
rate  of  5%  of  the  fish's  weight  per  day  for 
two  weeks,  then  15%  for  the  next  two  weeks, 
and  finally  15%  duckweed  supplemented  by 
1%  dry  weight  commercial  food  for  the  re- 


mainder of  the  experiment.  Fish  and  prawns 
in  the  duckweed  tanks  fed  on  existing  plants 
and  waste  materials  that  flowed  through  the 
system.  Duckweed  was  harvested  as  neces- 
sary to  promote  maximum  growth  and  pre- 
vent clogging  of  screens.  The  wet  weight  of 
duckweed  harvested  was  recorded.  Standard 
florescent  lamps  provided  light  for  all  plant 
growth  except  for  wide  spectrum  florescent 
lamps  over  the  water  chestnuts  in  the  large 
system.  The  lamps  were  set  on  16-hour  on 
and  8-hour  off  time  periods. 

Oxygen,  temperature,  pH,  conductivity, 
and  nitrite  levels  were  measured  daily.  Tem- 
perature and  conductivity  were  measured 
with  a  standard  conductivity  meter.  Oxygen 
and  pH  were  measured  with  an  Altex  Selec- 
lon  5000  ion  analyzer  with  Orion  Research 


Table  2.   Large  system  upper  tank  (weights,  feed,  conversions)  Day  1  =  25  Feliruary  1981. 


Fi.sh  weights 

ag) 

Feed  (g) 

Catfish 

Tilapia 

I 

Total 

Conversion 

Day 

Wt. 

%  gain 

Wt. 

%  gain 

(feed /flesh) 

1 

48.3 

193.9 

242.2 

14 

75.2 

56 

272.6 

41 

347.8 

79.3 

.75 

30 

119.4 

59 

.377.5 

39 

496.9 

1.39.2 

.93 

45 

157.8 

32 

541.9 

44 

699.7 

223.2 

1.10 

60 

200.7 

27 

725.0 

34 

925.7 

262.5 

1.16 

75 

261.0 

31 

937.0 

29 

1198.0 

324.8 

1.19 

91 

280.8 

8 

976.7 

4 

12.57.5 

420.0 

7.06 

1(K) 

319.2 

14 

1063.4 

9 

1.382.6 

282.6 

2.26 

117 

347.2 

9 

1127.5 

6 

1474.7 

553.6 

6.01 

132 

431.0 

24 

1308.0 

16 

1739.0 

479.7 

1.81 

Total  gain  = 

=  1496.8  g 

Total  feed  = 

=  2764.9  g 

(commercial) 

Overall  conversion  = 

1.85 
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Table  3.  Small  system  upper  tank  (weights,  feed,  conversions)  Day  1  =  25  February  1981. 


Fish  weights  (g) 

Feed  (g) 

Catfish 

Tilapia 

Total 

Conversion 

Day 

Wt. 

%  gain 

Wt. 

%  gain 

(feed /flesh) 

1 

28.2 

123.4 

151.6 

14 

42.6 

50 

183.8 

49 

226.4 

49.4 

0.66 

30 

45.0 

7 

251.7 

37 

296.7 

91.2 

1.30 

45 

62.7 

38 

354.1 

41 

416.8 

133.2 

1.11 

60 

93.5 

50 

446.8 

26 

540.3 

156.0 

1.26 

75 

10.5 

0 

237.0 

0 

247.5 

165.5 

0° 

91 

16.5 

60 

333.7 

41 

350.2 

93.0 

0.91 

100 

20.0 

25 

348.1 

5 

368.1 

79.2 

4.42 

117 

39.0 

95 

459.0 

32 

498.0 

147.2 

1.13 

132 

42.0 

10 

546.0 

23 

606.0 

162.5 

1.50 

Total  gain  =  454.4  g 

Total  feed  =  1077.2  g  (commercial) 

Overall  conversion  =  2.37  (due  to  high  mortality  from  day  60-75) 

"Mortality  due  to  low  D.O.  and  feeding  stress 

probes.  Nitrite  light  transmittance  levels 
were  measured  with  a  Bausch  and  Lomb 
Spectronic  20  using  sulfanilamide  and  dihy- 
drochloride  solutions  and  standard  test  pro- 
cedures (Spotte  1970). 

Results 

For  the  first  45  days  of  the  experiment,  fish 
in  all  tanks  were  fed  commercial  feed.  The 
fingerling  catfish  showed  gains  of  up  to  79% 
of  body  weight  each  15-day  period  during 
the  first  45  days.  The  tilapia  showed  similar 
gains  during  the  same  initial  period.  As  a  re- 
sult, the  feed  to  flesh  conversion  ratio  for 
both  ranged  from  0.60:1  to  1.30:1  (Tables  1 
to  4).  The  rapid  growth  spurt  is  expected 
from  fingerlings.  All  fish  showed  general  de- 
clines in   percent   growth   every    15   days 


through  the  rest  of  the  experiment  (increased 
conversion  ratio).  Major  declines  in  growth 
rates  in  the  control  tanks  after  day  45  were 
the  result  of  mortality  from  low  dissolved  ox- 
ygen levels.  In  the  treatment  tank,  the  fish 
fed  only  duckweed  at  the  5%  level  lost 
weight  (Table  1)  between  days  45  to  60. 
When  fed  duckweed  at  15%  from  day  60  to 
75,  the  catfish  continued  to  lose  weight  but 
tilapia  increased  in  weight  slightly.  The  15% 
level  of  duckweed  was  supplemented  with 
1%  commercial  food  from  day  76  through  the 
rest  of  the  experiment.  Under  this  regime  the 
tilapia  began  to  increase  in  weight  more  rap- 
idly, but  the  catfish,  due  to  mortality  of  some 
of  the  fish,  lost  weight  between  days  75  and 
91,  probably  due  to  overnight  low  oxygen 
stress.  Both  tilapia  and  catfish  in  the  treat- 
ment tank  from  day  91  responded  to  the 


Table  4.  Small  system  lower  tank  (weights,  feed,  conversions)  Day  1  =  25  February  1981. 


Fish  weight 

s(g) 

Feed  (g) 

Catfish 

Tilapia 

I 

Total 

Conversion 

Day 

Wt. 

%  gain 

Wt. 

%  gain 

(feed/flesh) 

1 

28.5 

96.0 

124.5 

14 

30.0 

7 

140.5 

46 

170.5 

40.3 

0.88 

30 

4.3.1 

43 

180.0 

29 

223.1 

60.8 

1.16 

45 

61.0 

42 

275.5 

53 

336.5 

100.8 

0.89 

60 

94.0 

54 

378.5 

36 

472.5 

126.0 

0.93 

75 

118.0 

26 

474.5 

26 

592.5 

165.2 

1.38 

91 

94.3 

0 

506.2 

7 

600.5 

217.0 

0° 

100 

119.7 

27 

536.5 

6 

656.2 

135.0 

2.42 

117 

170.5 

43 

603.0 

13 

773.5 

262.4 

2.24 

132 

203.0 

19 

717.0 

20 

920.0 

250.9 

1.71 

Total  gain  =  795.5  g 

Total  feed  =  1358.4  g  (commercial) 

Overall  conversion  =  1.71 

"Mortality  due  to  low  D.O.  from  day  75-91. 
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combined  diet  and  equaled  or  exceeded  the 
weight  gains  in  the  three  control  tanks.  The 
overall  conversion  ratios  for  the  four  fish 
tanks  were  1.44:1  in  the  treatment  tank  and 
1.71  to  2.37:1  in  the  three  control  tanks. 

The  two  tilapia  in  the  lower  duckweed 
tank  of  the  large  system  grew  from  6.2  g  to 
77.0  g  in  75  days.  This  was  more  gain  per  day 
than  the  fish  in  any  of  the  fish  tanks.  Though 
not  fed,  they  were  free  to  feed  upon  existing 
plants  and  waste  entering  their  tank.  No 
duckweed  was  hai^vested  from  this  tank  be- 
cause the  fish  kept  its  biomass  low.  The  fish 
placed  into  the  small  system's  lower  duck- 
weed tank  had  similar  growth,  increasing 
from  9.3  g  to  42  g  in  34  days.  Their  presence 
was  a  factor  in  that  tank's  lower  duckweed 
production  during  days  1  through  45  (Table 
5). 


Table  5.  Duckweed  production  (Day  1    =    25  Feb. 
1981). 


Amount  harvested  (g) 

Large  system 

Siriall  system     Small  system 

Date 

upper  tank 

upper  tank       lower  lank" 

2  April 

458.2 

317.1 

250.8 

20 

698.9 

— 

— 

22 

— 

266.0 

139.7 

12Mav 

275.0 

319.5 

— 

20 

126.0 

— 

— 

21 

— 

— 

203.0 

23 

— 

170.0 

— 

27 

327.0 

— 

— 

30 

— 

192.0 

— 

2  June 

— 

142.0 

— 

4 

286.0 

— 

— 

8 

129.0 

— 

_ 

13 

— 

140.0 

— 

14 

— 

_ 

138.0 

15 

135.0 

— 

_ 

16 

135.0 

— 

— 

17 

135.0 

— 

— 

19 

135.0 

— 

— 

20 

135.0 

— 

— 

21 

— 

70.0 

70.0 

23 

44.0 

— 

— 

24 

— 

— 

54.0 

25 

102.0 

— 

— 

26 

4.5.0 

_ 

— 

27 

57.0 

— 

— 

29 

45.0 

— 

— 

30 

110.0 

— 

— 

IJuly 

63.0 

- 

- 

2 

40.0 

— 

— 

6 

65.0 

- 

- 

Totals  (g) 

3546.1 

1616.6 

975.7 

t/ha/hr 

82.3 

87.2 

52.4 

(l/a/yr) 

36.7 

38.9 

23.4 

"Fish  were  included  in  this  1 

tank. 

Due  to  small  size  (1  cm)  the  25  freshwater 
prawns  placed  in  each  system  were  not 
weighed  or  measured  until  day  75.  The 
prawns  were  left  to  feed  on  plants,  algae,  and 
waste  products  of  the  system.  By  day  75,  they 
averaged  3  cm  in  length,  but  numbers  had 
dropped  from  25  per  tank  to  approximately 
15,  probably  due  to  oxygen-stress-induced 
mortality  and  cannibalism.  By  day  132,  10  re- 
mained per  tank  with  an  average  length  of 
approximately  5  cm. 

On  day  1  the  duckweed  tanks  were  each 
innoculated  with  10  g  of  duckweed  in  the 
small  system  and  20  g  each  in  the  large  sys- 
tem. The  presence  of  fish  precluded  duck- 
weed harvest  from  the  large  system's  lower 
tank.  Duckweed  production  was  between 
52.4  and  87.2  t/ha/yr  (23.4  to  38.9  t/a/yr) 
for  the  three  remaining  tanks  containing 
duckweed  (Table  5).  The  lower  figure  (52.4 
t/ha/yr)  was  a  result  of  tilapia  foraging  in 
the  small  system's  lower  tank.  Low  dissolved 
oxygen  levels  were  attributed  to  high  respira- 
tion rates  of  plants  and  biological  filter  or- 
ganisms (Fig.  2). 

Chinese  water  chestnuts  did  not  grow  well 
in  the  lab  because  of  light  limitations.  Stan- 
dard florescent  lamps  over  the  large  filter 
were  replaced  with  wide  spectrum  florescent 
lamps  at  day  75,  but  there  was  only  a  slight 
improvement  in  growth  noticed.  Plants  con- 
tinued to  live  but  reached  a  maximum  height 
of  only  0.6  m,  and  no  corms  were  produced 
by  these  plants.  At  the  Hegerhorst  system  in 
Benjamin,  Utah,  water  chestnuts  from  the 
same  stock  planted  in  an  outdoor  pond 
reached  a  height  of  over  1.5  m.  Production 
was  237  t/ha/yr  (106  t/a/yr)  total  biomass 
and  37.2  t/ha/yr  (16.6  t/a/yr)  corm 
production. 

With  the  exception  of  oxygen  and  nitrite, 
water  quality  parameters  remained  within 
acceptable  limits  for  the  test  plants  and  ani- 
mals. At  times,  oxygen  concentrations 
dropped  and  stressed  the  catfish,  tilapia,  and 
prawns  (Fig.  2).  Figure  3  shows  that  between 
days  9  and  35  the  nitrite  (NO2)  levels  were 
high  in  both  systems.  Nitrifying  bacteria  had 
not  become  established  in  sufficient  numbers 
to  handle  the  heavy  organic  load  from  fish 
feed  and  wastes.  As  bacteria  numbers  in- 
creased, the  nitrite  levels  dropped  into  ac- 
ceptable ranges  in  both  systems.  The  pH 
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Small  System 


Larga  System 


lOa  120  132 


Day 


Fig.  2.  Oxygen  concentration  in  large  and  small  systems  expressed  as  milligrams  per  liter  (ppm)  during  132-day 
research  period  (data  points  every  6th  day). 


remained  fairly  constant  between  7.5  and  8.0 
through  the  entire  experiment  (Fig.  4).  Con- 
ductivity started  low  but  steadily  increased 
because  of  evaporation  through  the  132nd 
day  (Fig.  5).  Means  and  ranges  of  water  qual- 
ity parameters  are  shown  in  Table  6. 

The  increase  in  conductivity  on  day  77  in 
the  small  system  was  due  to  the  change  from 
well  water  to  evaporation  pond  water  from  a 
coal-fired  generation  station.  There  were  no 
significant  variations  in  production  that 
could  be  attributed  to  the  new  water.  Tilapia 


spawned  during  this  time  in  the  lower  tank. 
The  fry  were  placed  in  the  lower  duckweed 
tank  of  the  large  system  and  after  79  days  av- 
eraged 5.3  g  and  60.5  mm  each,  feeding  only 
upon  plants,  algae,  and  waste  products. 

Discussion 

Catfish,  though  observed  to  occasionally 
feed  on  duckweed,  are  bottom  feeders  and 
did  not  adjust  to  feeding  on  floating  duck- 
weed. Catfish  readily  consumed  tilapia  fecal 


Table  6.  Water  quality  summary. 

Large  system 

Small  system 

Parameter                                                Mean 

Range 

Mean                         Range 

Temperature  (C) 
pH 

Conductivity  (umho's) 
Oxygen  (mg/1) 


26.8 

7.7 
535 
3.95 


23.0-31.0 

7.4-8.5 

250-800 

1.62-7.2 


27.2 
7.7 
510/4930° 
5.14 


25.0-30.0 

7.2-8.4 

440-600/2900/6000° 

1.26-7.80 


'Higher  conductivity  levels  are  the  result  of  the  change  from  well  water  to  evaporation  pond  water. 
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1.0  on  this  scale  equals  1.0  ppin  or  greater 


Day 


Any  measurement  less  than  0.1  ppm  NO^  was  recorded  as  0 


Fig.  3.  Nitrite  concentration  in  large  and  small  systems  expressed  as  milligrams  per  liter  (ppm)  during  132-day 
research  period  (data  points  every  6th  day). 


strands,  which  were  green  in  color  from  con- 
sumed duckweed.  Growth  of  catfish  indicates 
an  available  food  value  in  tilapia  wastes. 
Prawns  grew  quite  readily  in  the  system  feed- 
ing only  on  in-system  plants  plus  wastes  from 
the  fish.  Low  dissolved  oxygen  levels  and 
cannibalism  reduced  their  numbers,  in- 
dicating a  need  for  aeration  and  cover  if 
prawns  are  to  be  a  productive  component  of 
this  system. 

Tilapia  will  accept  duckweed  as  food. 
When  duckweed  was  first  offered,  neither 
catfish  nor  tilapia  readily  fed  on  the  plant. 
After  a  few  days  tilapia  readily  consumed  the 
duckweed.  The  delay  in  accepting  duckweed 
may  have  been  the  result  of  preconditioning 
to  commercial  food.  Best  growth  occurred 
when  duckweed  was  supplemented  with 
commercial  feed,  suggesting  that  duckweed 
may  be  lacking  (Rusoff  et  al.  1980)  in  some 
nutrients  needed  for  proper  fish  growth.  Fur- 
ther research  is  needed  on  feeding  plants  to 
tilapia. 


Duckweed  grew  well  under  the  standard 
florescent  lights.  It  supplied  a  source  of  food 
and  also  improved  water  quality  by  removing 
nitrogen  and  adding  oxygen  during  the  light 
phase.  Plant  respiration  during  the  dark 
phase  did  decrease  oxygen  levels  and  stress 
the  animals.  For  this  reason  air  was  added  via 
an  air  stone  in  each  tank.  Duckweed  produc- 
tion may  be  enhanced  with  sunlight.  Chinese 
water  chestnuts  did  not  grow  well  in  the  lab- 
oratory under  artificial  lights,  but  the  chest- 
nuts grown  outside  at  the  Hegerhorst  farms 
reached  maturity  and  produced  corms,  sug- 
gesting that  light  was  a  limiting  factor  in  the 
lab.  In  future  experiments  this  must  be  taken 
into  consideration. 

The  main  problems  encountered  with  wa- 
ter quality  were  low  oxygen  levels  and  high 
nitrite  levels.  Oxygen,  through  aeration,  was 
added  to  counteract  biochemical  oxygen  de- 
mand (BOD)  and  plant  respiration.  It  was 
also  needed  by  the  filter  organisms  for  con- 
version of  ammonia  to   nitrate.   During  the 
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Fig.  4.  Water  pH  in  large  and  small  systems  during  132-day  research  period  (data  points  every  6th  day). 


early  stages  of  the  experiment,  the  nitrogen 
loading  from  fish  food  and  wastes  caused  ni- 
trite levels  to  exceed  1  mg_  (1  ppm),  stressing 
both  tilapia  and  catfish  as  evidenced  by  their 
"gulping"  action  at  the  water  surface.  After 
filter  organisms  became  established  and  oxy- 
gen was  added,  high  nitrite  levels  were  no 
longer  a  problem. 

The  closed,  recirculating,  polyculture  sys- 
tem is  economically  feasible  and  energy  ef- 
ficient, especially  when  duckweed,  produced 
using  waste  nutrients  from  within  the  system, 
is  reintroduced  as  a  supplemental  food.  The 
USDA  Economic  and  Statistical  Service 
(USDA  1981)  reports  that  feed  and  finger- 
lings  account  for  75%  to  80%  of  production 
costs  in  most  aquaculture  projects.  A  typical 
catfish  feed  contains  soybean,  corn,  and  fish 
meal  protein.  The  costs  for  these  ingredients 
continue  to  escalate.  Duckweed  as  a  food 
supplement  can  help  cut  project  feed  costs 
by  maintaining  a  low  commercial  feed  to  fish 
tissue  conversion  ratio.  Duckweed  could  be 
grown  in  shallow  ponds  less  than  0.5  m  deep 
enriched  by  waste  from  livestock  or  fish 
systems. 


The  five  plant  and  animal  species  used  in 
this  study  would  provide  useful  and  market- 
able products.  Tilapia  and  catfish  have  been 
sold  for  $1.20  to  $2.40/lb  dressed  weight  de- 
pending on  the  geographical  area.  Fresh- 
water prawns  have  retailed  for  as  much  as 
$5.00  to  $7.00/lb  and  water  chestnut  corms 
for  around  $1.00  to  $2. 00/ lb.  The  economic 
values  of  this  type  of  polyculture  system  are 
obvious— the  more  that  is  produced  per  unit 
of  nutrient  and  energy  input,  the  better  the 
cost  to  benefit  ratio.  Although  this  system 
will  produce  a  protein  source  suitable  for  hu- 
man consumption,  it  can  also  produce  other 
benefits. 

1.  The  system  could  provide  a  secondary 
use  of  industrial  waste  heat  and  water. 

2.  Waste  heat  and  water  from  geothermal 
projects  could  be  used  in  this  type  of 
system. 

3.  Alcohol  production  is  a  potential  use  for 
duckweed  or  other  aquatic  plants  pro- 
duced in  aquaculture  operations.  Waste 
heat,  water,  and  nutrients  from  alcohol 
production  might  also  be  used  in  a 
polyculture  system. 
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Filter  tank  I.D. 
Fish  tanks  I.D. 
Duckweed  tank  I.D. 


0.69  X  2.39  X  0.31  m 
0.64  X  0.69  X  0.38  m 
0.69  X  1.50  X  0.23  m 


Total  system  capacity  923.6  liters 

Total  surface  area,  duckweed  tank  2.53  m^ 

Larger  system  is  2.4  times  larger  than  the  small  system 


Filter  tank  I.D. 
Fish  tanks  I.D. 
Duckweed  tank  I.D. 

Total  system  capacity 

Total  surface  area,  duckweed  tank 


0.42  X  1.80  X  0.23  m 
0.43  X  0.51  X  0.38  m 
0.43  X  1.04  X  0.23  m 

546.5  liters 

0.89  m2 


Fig.  5.  Water  conductivity  in  large  and  small  systems  during  132-day  research  period  (data  points  every  6th  day). 


4.  Surface  farming  operations  could  use 
nutrient-enriched  water  flowing  from 
aquaculture  operations. 

5.  The  aquaculture  operations  are  non- 
consumptive  of  water.  Loss  of  water  is 
mostly  limited  to  evaporation. 

6.  Duckweed  could  be  used  as  a  protein 
supplement  for  cattle.  Other  aquatic 
plants  could  prove  equal  or  better  for 
this  purpose  than  duckweed. 

This  study  was  conducted  in  a  laboratory 
situation,  and  results  may  not  necessarily  re- 
flect what  would  happen  on  a  larger  scale. 
Energy  budgets  were  not  addressed  in  this 
study  and  are  subjects  for  future  experimen- 
tation. The  actual  value  of  these  benefits  are 
subjects  for  future  research  imder  pilot  plant 
or  production  conditions.  Future  designs 
might  include  rotating,  contact,  or  trickling 
filters  directly  in  or  over  the  top  of  individual 
raceways.  The  use  of  alternate  energy  sources 
to  heat  the  water  is  growing  in  interest.  Solar 
domes,  collectors,  and  concentrators  appear 
potentially  valuable  as  sources  of  energy  for 
aquaculture  systems,  especially  in  areas 
where  water   is  available  but   temperatures 


are  not  suitable  for  warm  water  aquaculture. 
Aquaculture  can  provide  a  high-protein,  low- 
fat  product  to  consumers  and  at  the  same 
time  provide  diversity  and  stability  to  agri- 
culture and  agribusiness  in  many  areas  of  the 
nation.  Aquaculture  can  provide  landowners 
a  use  for  resources  considered  marginal  for 
other  uses.  It  can  provide  an  alternative  or 
complementary  source  of  income. 
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ADDITIONS  TO  THE  VASCULAR  FLORA  OF  WYOMING 

Erwin  F.  Evert'  and  Ronald  L.  Hartman' 

Abstract.—  Eight  species  previously  unreported  for  Wyoming  are  listed.  A  range  extension  is  noted  for  Erigeron 
huniilis.  and  Ct/mopterus  bipinnatiis  is  verified  as  occurring  in  Wyoming. 


Recent  field  work  has  resulted  in  the  addi- 
tion of  eight  taxa  to  the  vascular  flora  of 
Wyoming.  The  arctic-alpine  species  Erigeron 
humilis  Grah.  is  reported  for  the  first  time 
outside  the  Bighorn  Mountains  in  Wyoming. 
In  addition,  Dom's  report  (1977)  of  the  oc- 
currence of  Cymopterus  bipinnatiis  Wats,  in 
Wyoming  is  confirmed. 

Apiaceae 

Cymopterus  bipinnatus  Wats.  Wyoming, 
Lincoln  Co.,  6.4  km  W  of  Kemmerer  (T21N 
R116W  S7),  2148  m,  10  Jun  1946,  H.  Ripley 
&  R.  Rarneby  7874,  NY;  ca  16  km  N  of  Kem- 
merer, 2194  m,  9  May  1973,  S.  Waite  &  K. 
Harper  s.n.,  UC;  19.2  km  SW  of  Dia- 
mondville  (T19N  R118W  SI),  2133  m,  6  Jul 
1983,  R.  Hartman  15739,  RM.  Park  Co.,  ca 
1.6  km  S  of  Trough  Spring,  NW  side  of  Rat- 
tlesnake Mountain  (T54N  R104W  S35  SW1/4), 
2590  m,  27  Jun  1980,  E.  Evert  1912,  MOR, 
RM;  64  km  E  of  Cody  (T52N  R107W 
S22,28),  ca  2042  m,  22  Jun  1983,  M.  Lavin 
4428,  RM,  UC.  Fremont  Co.,  ca  12.8  km  NE 
of  Dubois  (T42N  R106W  S12  NE1/4),  2500  m, 
8  Jun  1981,  D.  Rizor  &  D.  Jones  77,  RM. 
These  records  confirm  Dom's  report  (1977) 
of  the  occurrence  of  this  species  in 
Wyoming. 

ASTERACEAE 

Centaurea  cyanus  L.  Wyoming,  Park  Co., 
along  Rt.  14  ca  1.3  km  W  of  Wapiti  (T52N 
R105W  S23  SWy4),  1735  m,  19  Sept  1982,  E. 
Evert  5079,  RM.  First  report  for  Wyoming. 

Erigeron  humilis  Grah.  Wyoming,  Park 
Co.,  Absaroka  Range,  at  the  head  of  Canyon 


Creek,  ca  10  km  S  of  Rt.  14  (T51N  R106W 
S24  NE1/4),  3172  m,  14  Jul  1981,  E.  Evert 
3173,  RM;  E  side  of  Buttress  Mountain,  ca  8 
km  N  of  Rt.  14  (T53N  R108W  S35  SW1/4), 
3142  m,  28  Jul  1981,  E.  Evert  3313,  RM;  SW 
side  of  Whirlwind  Peak,  ca  11  km  N  of  Rt.  14 
(T53N  R108W  S16  SE1/4),  3172  m,  6  Aug 
1981,  E.  Evert  3428,  MOR,  RM.  This  arctic- 
alpine  species  was  previously  known  in 
Wyoming  from  two  collections  in  the  Big- 
horn Range  (Lofgren  1956).  The  collections 
from  the  Absaroka  Range  reported  here  are 
225  km  west  of  the  Bighorn  Range. 

BORAGINACEAE 

Cryptantha  spicilifera   (Piper)   Payson. 

Wyoming,  Park  Co.,  W  ridge  leading  to  the 
summit  of  Heart  Mountain  (T54N  R102W 
S8),  1891  m,  1  Jul  1981,  R.  Hartman  13378, 
RM.  Park  Co.,  summit  of  Cedar  Mountain,  ca 
8  km  W  of  Cody  (T52N  R102W  S8  NW1/4), 
2379  m,  7  Jul  1981,  E.  Evert  3013,  RM.  First 
reports  for  Wyoming. 

Campanulaceae 

Campanula  rapunculoides  L.  Wyoming, 
Park  Co.,  along  Rt.  14  ca  0.4  km  E  of  Gun- 
barrel  Creek  (T52N  R107W  S30  SW1/4),  1951 
m,  15  Sept  1982,  E.  Evert  5015,  RM.  First  re- 
port for  Wyoming. 

Equisetaceae 

Equisetum  sylvaticum  L.  Wyoming,  Sheri- 
dan Co.,  Bighorn  Range,  along  Sawmill 
Pass-Red  Grade  Rd.  ca  0.2  km  W  of  Preach- 
er Rock  (T54N  R86W  S31  NW1/4),  2501  m, 


'1476  Tyrell,  Park  Ridge,  Illinois  60068. 

'Department  of  Botany,  University  of  Wyoming,  Laramie,  Wyoming  82071. 
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26  Jul  1982,  E.  Evert  4470,  MOR,  RM.  Crook 
Co.  (T51N  R60W  S33  NEV4),  1800  m,  27  Jul 
1982,  R.  Dorn  3777,  RM.  First  reports  for 
Wyoming. 

Lamiaceae 

Mentha  spicata  L.  Wyoming,  Park  Co.,  0.4 
km  N  of  Rt.  14  along  Aspen  Creek  (T52N 
R107W  S23  NE1/4),  1981  m,  15  Sept  1981,  E. 
Evert  3356,  RM.  First  report  for  Wyoming. 

MORACEAE 

Morus  alba  L.  Wyoming,  Park  Co.,  Sho- 
shone Canyon,  ca  100  m  E  of  Buffalo  Bill 
Dam  (T52N  R103W  SI  SE1/4),  1586  m,  29 
May  1980,  R.  Hartman  11299,  RM.  Same  lo- 
cation, 1  Jul  1982,  £.  Evert  4087,  MOR,  RM. 
First  reports  for  Wyoming. 

POACEAE 

Hordeum  distichon  L.  Wyoming,  Sheridan 
Co.,  Wliitney  Coal  Site  (T58N  R83W  S31), 
1081  m,  15  Jul  1977,  Brink  1414,  RM.  Sweet- 


water Co.,  ca  32  km  NW  of  Green  River 
(T20N  R109W  S16),  1891  m,  11  Jul  1978,  R. 
Smith  15,  RM.  Park  Co.,  along  Rt.  14  ca  0.4 
km  W  of  Buffalo  Bill  Dam  (T52N  R103W 
S12  NEV4),  1647  m,  6  Aug  1982,  E.  Evert 
4680,  RM.  Park  Co.,  along  Rt.  14  ca  0.4  km 
E  of  Goff  Creek  (T52N  R108W  S23  NE1/4), 
1952  m,  15  Sept  1982,  E.  Evert  4999,  MOR, 
RM.  First  reports  for  Wyoming. 

ROSACEAE 

Sanguisorba  minor  Scop.  Wyoming,  Sheri- 
dan Co.,  Wildlife  Refuge  ca  5  km  W  of  Day- 
ton, 1403  m,  30  Jun  1979,  R.  Hartman  9873, 
RM.  Park  Co.,  along  Rt.  14  at  Blackwater 
Picnic  area  (T52N  R107W  S21  SWV4),  1882 
m,  27  Jun  1982,  E.  Evert  4033,  RM.  First  re- 
ports for  Wyoming. 
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ON  COWANIA  AND  ITS  INTERGENERIC  HYBRIDS  IN  ARIZONA' 

Marc  A.  Baker,  Donald  J.  Pinkava-,  Bruce  Parfitt',  and  Timothy  Righetti' 


Abstract.—  The  putative  intergeneric  hybridization  between  Stansbury  CUffrose  (Cowania)  and  Apache  Plume 
{Fallugia)  is  found  to  be  undocumented.  Chromosome  counts  support  reported  base  numbers  for  Cowania  and 
FaUtigia  to  be  n  =  9  and  n  =  14  respectively. 


In  1975,  Blauer  et  al.  reported  the  exis- 
tence of  a  small  population  of  putative  hy- 
brids between  Stansbury  Cliff  rose  {Cowania 
mexicana  D.  Don  var.  stansburiana  [Torr.] 
Jeps.)  and  Apache  Plume  {Fallugia  paradoxa 
[D.  Don]  Endl.)  (Rosaceae).  The  putative 
hybrids  occurred  with  both  proposed  paren- 
tal taxa  along  Ranger  Pass,  about  20  km  west 
of  Big  Springs  Ranger  Station  in  the  Kaibab 
National  Forest,  Coconino  County,  Arizona. 
This  appears  to  be  the  only  published  report 
of  natural  hybridization  between  these  taxa. 

In  1981,  Righetti  made  a  collection  from 
the  most  robust  of  three  putative  hybrid  indi- 
viduals composing  the  original  population. 
The  flowers  have  two  series  of  sepal-like 
bracts  (characters  of  Apache  Plume)  and 
numbers  of  pistils  per  receptacle  inter- 
mediate to  those  of  the  proposed  parents. 
However,  the  plant  has  glandular  involucres, 
vegetative  characters,  and  nitrogen-fixing 
properties  that  characterize  Stansbury 
Cliffrose. 

The  following  spring.  Baker  collected  buds 
from  this  same  robust  plant  to  obtain  a  mi- 
crosporogenic  count.  No  stamens  were  found; 
indeed  the  plant  has  only  pistillate  flowers. 
To  our  knowledge,  Stansbury  Cliffrose  al- 
ways has  perfect  flowers,  but  pistillate  plants 
have  been  reported  for  Apache  Plume 
(Blauer  et  al.  1975).  Root  tips  from  several 
vegetative  cuttings  propagated  by  Righetti  as 
a  part  of  a  nitrogen  fixation  study  (Righetti  et 
al.  1983)  have  yielded  a  mitotic  count  of  2n 
=  18  (Table  1),  the  same  number  known  for 
Stansbury    Cliffrose.    Meiotic    counts    of 


Apache  Plume,  including  one  individual  col- 
lected near  the  putative  hybrid  are  n  =  14 
(Table  1),  in  agreement  with  six  counts  inde- 
pendently obtained  by  McArthur  et  al.  (1983) 
for  Utah,  Arizona  (Pipe  Springs,  Mohave 
County),  and  Texas,  all  in  disagreement  with 
the  first  and  only  other  count  of  2n  =  18  by 
Baldwin  (1951),  apparently  in  error. 

Blauer  et  al.  (1975)  reported  that,  from  72 
seeds  collected  from  this  population  in  1968, 
16  (22.2%)  germinated  and  only  2  survived  to 
young  plants.  Artificial  crosses  between  the 
two  putative  parent  taxa  produced  1,418 
seeds,  of  which  47  (3.3%)  germinated  and  7 
survived  using  Stansbury  Cliffrose  as  the  ma- 
ternal plant;  3,647  seeds,  of  which  19  (0.5%) 
germinated  and  none  survived  using  Apache 
Plume  as  the  maternal  parent.  However,  no 
detailed  evidence  for  hybridization  was  given 
and  no  seedlings  are  extant.  Hybrid  seedlings 
would  be  expected  to  have  characters  inter- 
mediate to  the  putative  parents  and  a 
chromosome  count  of  2n  =  23  (14  from 
Apache  Plume  and  9  from  Stansbury  Cliff- 
rose). In  1981,  Righetti  collected  from  the 
same  robust  putative  hybrid  approximately 
40,000  seeds,  of  which  about  150  were 
deemed  likely  to  germinate.  Nine  seeds  ger- 
minated and  7  are  live  seedlings.  All  7  seed- 
lings have  vegetative  characters  and  chromo- 
some count  (2n  =  18)  attributable  to 
Stansbury  Cliffrose. 

We  conclude  that  the  putative  hybrid 
plant  in  question  is  a  diploid,  aberrant,  pistil- 
late plant  of  Stansbury  Cliffrose,  in  which  the 
stamens  have  converted  to  pistils  or  pistil- 
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lodes  (many  being  sterile,  some  with  seeds  ex- 
posed through  walls  of  the  pistillodes)  and 
the  petals  have  become  sepaloid  (involucral 
bracts,  as  in  Apache  Plume,  being  absent). 
The  two  other  putative  hybrid  individuals 
succumbed  to  a  fire  in  the  winter  of  1981. 
The  robust  individual  we  tested  was  badly 
damaged  in  the  same  fire  and  did  not  survive 
the  winter  of  1982.  Thus,  no  natural  hybrids 
between  these  taxa  have  been  documented. 

A  second  intergeneric  hybrid,  Ptirshia 
gkindulosa  Curran,  often  recognized  as  a  spe- 
cies, is  believed  to  have  arisen  via  allopatric 
introgression  of  Stansbury  Cliffrose  genes 
into  Bitterbmsh  {Purshia  tridentata  (Pursh) 
DC.  (Thomas  1957).  This  putative  hybridiza- 
tion supposedly  took  place  at  the  end  of  the 
Pleistocene  pluvial  period,  when  mountain 
ranges  were  still  being  uplifted,  and  resulted 
in  hybrid  populations  better  adapted  to  the 
shorter  growing  seasons  caused  by  increasing 
altitude   and   more   arid   summers   (Stebbins 


Table  1.  Chromosome  counts  of  Cowania  and  Fal- 
higia  taxa  in  Arizona.  Voucher  specimens  deposited  in 
ASU. 

Cowania  mexicana  D.  Don  var.  stansburiana  (Torr.) 
Jeps. 

n  =  9       Coconino  Co.:  Ranger  Pass,  ca  20  km  W  of 
Big  Springs  Ranger  Sta.,  T37N,  R2W, 
S27,  Righetti  5.  " 

Yavapai  Co.:  Rt.  1-17,  1.1  km  S  of  jet.  Rt. 
293  at  McGuireviUe,  T14N,  R5E,  S4, 
Righetti  25. 

2n  =  18       Coconino  Co.:  Rt.  89A,  ca  20  km  E  of 

Jacob  Lake,  T39N,  R3E,  S34,  Righetti  3; 
Ranger  Pass,  ca  20  km  W  of  Big  Springs 
Ranger  Sta.,  T37N,  R2W,  S27,  Righetti 
s.n.  (cutting  from  aberrant  pistillate 
plant). 

Cowania  suhintegra  Kearney 

n  =  9       Graham  Co.:  US70,  ca  18  km  NW  of  Bylas, 
Clark  1506  6  Parfitt. 

FaUugia  paradoxa  (D.  Don)  Endler 

n  =  14     Coconino  Co.:  Painted  Desert  Vista,  Sunset 
Crater  Loop  Rd.  545,  T23N,  R9E,  S9, 
Righetti  11,  12;  Rt.  89A,  ca  20  km  E  of 
Jacob  Lake,  T39N,  R3E,  S34,  Righetti  7; 
Ranger  Pass,  ca  20  km  W  of  Big  Springs 
Ranger  Sta.,  T37N,  R2W,  S26,  Raker 
4377  6  Trushel 

Yavapai  Co.:  Rt.  1-17,  ca  0.8  km  S  of 

milepost  303;  T15N,  R6E,  S3,  Righetti  9. 


1959).  Stutz  and  Thomas  (1964)  argue  for  re- 
cent stepwise  introgression  of  characters  of 
Cowania  from  one  population  to  the  next 
northward  several  hundred  miles  of  the  cur- 
rent range  of  Cowania.  Purshia  glandulosa 
has  been  reported  for  northern  Arizona  by 
Stebbins  (1959,  outline  map),  Blauer  et  al. 
(1975),  Koehler  and  Smith  (1981,  map), 
Welsh  (1982),  and  McArthur  et  al.  (1983),  but 
all  references  are  without  specimen  citation. 
We  document  its  occurrence  in  Arizona  with 
a  collection  by  Ralph  Gierisch  {Gierisch 
4714,  ASU),  from  near  Whitney  Pass,  Mo- 
have County.  Hybrids  between  P.  glandulosa 
and  Stansbury  Cliffrose  have  been  reported 
from  eastern  California  (Koehler  and  Smith 
1981),  but  no  hybrids  between  these  taxa  are 
known  from  Arizona. 

Cowania  subintegra  Kearney  is  known 
only  from  two  isolated  populations,  both  in 
Arizona:  near  Bagdad  (Mohave  County)  and 
near  Bylas  (Graham  County).  Chromosome 
counts  (n  =  9)  have  been  obtained  from  both 
populations,  the  former  by  McArthur  et  al. 
(1983)  and  the  latter  by  Parfitt  (Table  1). 
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AN  ECOLOGICAL  STUDY  OF  BRISTLECONE  PINE  {PINUS  LONGAEVA) 
IN  UTAH  AND  EASTERN  NEVADA' 

R.  D.  Hiebert-  and  J.  L.  Hamrick' 

Abstract.—  This  paper  presents  data  on  the  distribution  of  Piniis  longaeva  on  the  Markagunt  Plateau,  Utah;  and 
the  Snake,  Egan,  and  White  Pine  ranges  of  eastern  Nevada.  It  also  presents  data  on  the  present-day  density  and  age 
structure  of  three  P.  longaeva  populations  and  the  growth  rates  of  individual  trees  within  these  populations. 

Conifer  species  richness  and  the  relative  abundance  of  P.  longaeva  varies  clinally  from  the  Markagunt  Plateau  to 
the  White  Pine  Range.  The  Markagunt  Plateau  has  relatively  high  conifer  species  richness  (10  species)  and  low 
relative  abundance  of  P.  longaeva  (1%).  The  White  Pine  Range  has  low  conifer  richness  (4  species)  and  high  P. 
longaeva  relative  abundance  (34%).  Individual  tree  growth  rates  were  low  but  highly  variable  in  all  populations 
studied.  The  three  populations  studied  had  mixed  age  structures  with  a  general  trend  of  more  younger  individuals  at 
the  lower  elevations. 

Possible  explanations  for  the  present  distribution  of  P.  longaeva  and  the  population  structures  observed  are 
discussed. 


The  distribution  and  abundance  of  a  spe- 
cies results  from  the  interaction  of  several  en- 
vironmental parameters.  Innate  factors  such 
as  nutrient  and  moisture  requirements,  vege- 
tative growth  rate,  and  age  to  first  reproduc- 
tion interact  with  and  are  influenced  by 
physical  and  biotic  factors  of  the  environ- 
ment. If  the  ecology  of  a  species  is  to  be  un- 
derstood, the  relative  influence  of  these  and 
other  parameters  on  its  distribution  and 
abundance  must  be  determined.  Without  this 
information,  predictions  about  the  future 
health  and  dynamics  of  poulations  cannot  be 
made.  Such  predictions  are  especially  diffi- 
cult for  long-lived  species  whose  population 
dynamics  carmot  be  followed  over  time.  For 
such  species  present-day  characteristics  of  its 
population  such  as  density,  age  structure,  and 
individual  growth  rate  must  be  used  to  de- 
scribe past  fluctuations  in  population  size,  to 
evaluate  the  present  status  of  the  population, 
and  to  predict  future  growth  or  reduction  in 
population  numbers.  Such  analyses  may  be 
especially  valuable  in  devising  management 
plans  for  rare  or  endangered  species. 

This  paper  represents  a  study  of  the  ecolo- 
gy of  four  bristlecone  pine  {Pinus  longaeva) 
populations    located    on    selected    mountain 


ranges  in  Utah  and  Nevada.  It  describes  the 
distribution  of  bristlecone  pine  in  western 
Utah  and  eastern  Nevada  and  attempts  to 
document,  by  use  of  present-day  densities, 
age  structure,  individual  growth  rates,  and 
spatial  and  temporal  fluctuations  within 
these  stands.  Pinus  longaeva  was  selected  for 
study  due  to  its  great  longevity,  its  inter- 
esting biogeographical  distribution,  and  the 
existence  of  relatively  undisturbed  stands. 

Species  Description. 

Based  on  morphological  considerations, 
Bailey  (1970)  split  bristlecone  pine  into  two 
species.  The  Colorado  and  New  Mexico  pop- 
ulations retained  the  name  Pinus  aristata 
Engelm.,  and  populations  west  of  the  Colo- 
rado River  were  designated  Pinus  longaeva 
Bailey  (Bailey  1970).  Subsequent  studies  of 
the  terpenoid  chemistry  and  crossability  of 
the  two  forms  provided  further  support  for 
two  species  (Mastroguiseppe  1976,  Zavarin  et 
al.  1973,  1976,  Critchfield  1977).  The  latter 
species,  Pinus  longaeva,  is  the  subject  of  this 
study. 

Pinus  longaeva  is  generally  found  at  high 
altitudes,   often   extending  to   timberline   on 
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the  mountain  ranges  of  Utah  and  Nevada  and 
the  White  Mountains  of  eastern  CaHfornia.  It 
is  typically  localized  in  areas  with  poor  soils 
but  may  also  form  extensive  stands.  Isolated 
trees  can  be  found  on  mesic  sites  with  suf- 
ficient sunlight  (Wright  and  Mooney  1965, 
Beasley  1980).  On  these  sites,  P.  longaeva  has 
a  fast-growing,  erect  growth  form  instead  of 
the  twisted,  gnarled,  slow-growing  form  that 
predominates  on  poor  sites.  It  has  also  been 
observed  to  form  krumholtz  at  its  upper 
elevational  limits.  One  of  the  best  known  and 
most  interesting  characteristics  of  P.  longaeva 
is  its  great  longevity,  as  it  attains  ages  ap- 
proaching 5,000  years  (Currey  1968,  Fergu- 
son 1968). 

The  present  distribution  of  P.  longaeva  in 
the  Great  Basin  is  on  isolated  mountain 
ranges  separated  by  xeric  valleys  of  sagebrush 
and  shadscale.  At  the  higher  elevations  the 
environment  of  these  ranges  is  more  favor- 
able, with  some  ranges  supporting  diverse 
communities  of  montane  conifers.  The  most 
eastern  ranges  are  generally  more  mesic  since 
precipitation  in  the  Great  Basin  decreases  to 
the  west.  Perhaps  as  a  result,  the  number  of 
conifer  species  decreases  from  10  on  the  east- 
ern ranges  to  as  few  as  2  on  the  most  western 
ranges  (Critchfield  and  Little  1966).  Associ- 
ated with  the  decrease  in  conifer  species 
richness  is  an  increase  in  the  relative  abun- 
dance, size  of  stands,  and  altitudinal  range  of 
bristlecone  pine. 

We  are  aware  of  no  studies  of  the  popu- 
lation ecology  of  P.  longaeva.  Previous  stud- 
ies of  bristlecone  pine  have  been  concerned 
with  the  establishment  of  paleoclimatic  re- 
cords through  the  use  of  dendrochronology 
techniques  (Ferguson  1970c,  Fritts  1965,  La- 
Marche  et  al.  1974,  Wilson  and  Grinstad 
1975)  and -with  the  ecological  physiology  of 
this  species.  Eco-physiological  studies  have 
generally  focused  on  finding  explanations  for 
its  tolerance  to  extreme  habitats  and  great 
longevity  (Schulman  1954,  Fritts  1965,  La- 
Marche  1969,  Mooney  et  al.  1966,  Schultze 
et  al.  1967,  Wright  et  al.  1965,  Beasley  et  al. 
1971).  Recently  we  (Hiebert  and  Hamrick 
1983)  published  genetic  data  that  was  con- 
sistent with  what  is  known  of  the  recent 
paleoecological  history  of  P.  longaeva  in  the 


1.  Whit*  Pin*  Rang* 

2.  Egan  Rang*  (Ward  Mt.) 

3.  Snak*  Rang*  (Wh**l*r  P*ak) 

4.  Markagunt  Plateau  (Twiatad  Foraat) 


Fig.  1.  Locations  of  mountain  ranges  and  Finns  lon- 
gaeva populations  included  in  this  study. 

Great  Basin  (Wells  1983).  We  observed  high 
genetic  variations  within  populations  and  low 
genetic  variation  between  populations. 
Paleoecological  studies  have  shown  bristle- 
cone pine  to  form  large  contiguous  popu- 
lations throughout  much  of  the  Great  Basin 
during  glacial  episodes  during  the  last  40,000 
years. 

Study  Sites 

The  population  ecology  of  P.  longaeva  was 
investigated  on  four  mountain  ranges  in  Utah 
and  eastern  Nevada.  The  ranges  included 
from  east  to  west  the  Markagunt  Plateau 
(north  rim  of  Cedar  Breaks)  in  Utah,  and  the 
Snake,  Egan,  and  White  Pine  ranges  of  east- 
ern Nevada.  Three  populations  were  selected 
for  more  detailed  ecological  studies:  Twisted 
Forest  (TF),  Markagunt  Plateau;  Wheeler 
Peak  (WP),  Snake  Range;  and  Ward  Moun- 
tain (WM),  Egan  Range  (Fig.  1).  Twisted 
Forest  and  Ward  Mountain  stands  occur  on 
limestone  substrate,  and  the  Wheeler  Peak 
population  is  on  quartzite  glacial  till.  The 
population  at  Wheeler  Peak  is  located  on  a 
west-  to  northwest-facing  slope  at  an  eleva- 
tion of  3250-3500  m.  The  other  two  popu- 
lations range  between  2700  and  3200  meters 
in   elevation.    Most   of  the   population   at 
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Twisted  Forest  is  a  monospecific  stand  of  P. 
longaeva.  The  understory  is  completely  bare 
except  for  a  dwarfed  Castilleja  (Indian  paint- 
brush) species.  However,  at  the  lower  bound- 
ary of  the  population  (a  stream  bed),  bristle- 
cone  pine  is  associated  with  Finns  flexilis, 
Picea  englemannii,  and  Pseudotsuga  men- 
ziezii.  In  the  Wheeler  Peak  population, 
bristlecone  pine  shares  dominance  with  P. 
engelmannii  and  P.  flexilis.  The  lower  edge 
of  the  population  drops  into  a  mesic  canyon, 
where  vegetation  is  dominated  by  a  dense 
stand  of  P.  englemannii.  On  Ward  Mountain, 
bristlecone  pine  is  associated  with  P.  engel- 
mannii on  north-facing  slopes  and  with  P. 
flexilis  on  the  more  open,  exposed  sites.  The 
understory  there  is  dominated  by  Artemisia 
tridentata. 

Methods 

Montane  and  subalpine  conifer  species 
richness,  relative  abundance,  and  dispersion 
were  obtained  for  each  mountain  range  by 
establishing  altitudinal  transects  extending 
along  equivalent  compass  points  from  the 
highest  peak  or  timberline  to  the  lower 
boundary  of  the  montane  conifer  zone.  Every 
tree  within  5  m  of  the  transect  was  tallied, 
and  observations  were  made  on  the  topogra- 
phy and  soils  of  those  habitats  where  bristle- 
cone pine  occurred. 

To  estimate  population  parameters  for  the 
three  bristlecone  pine  stands,  two  or  three 
vertical  line  transects  and  two  horizontal  line 
transects  were  subjectively  chosen.  The 
point-quarter  method  of  Cottam  and  Curtis 
(1956)  was  employed  to  sample  bristlecone 
pine  at  100-150  m  intervals.  The  sample  con- 
sisted of  24  points/ population.  Sample  trees 
were  tagged,  DBH  measured,  height  esti- 
mated, and  one  radial  core  was  taken  at 
breast  height  (4'/2  feet)  using  a  40-cm  in- 
crement core.  The  cores  were  mounted  on 
grooved  boards  in  the  field  and  returned  to 
the  laboratory  for  counting. 

Increment  cores  were  polished,  and  the 
number  of  growth  rings  along  one  radius  was 
counted  using  a  binocular  microscope.  Due 
to  short  growing  seasons  at  high  altitudes, 
there  was  little  difficulty  with  false  growth 
rings.  When  a  complete  core  to  the  center  of 


a  tree  was  obtained,  the  number  of  rings  was 
assumed  to  represent  the  minimum  age  of  the 
tree.  For  trees  with  incomplete  radial  cores, 
total  age  was  estimated.  Trees  of  known  age 
and  diameter  were  used  to  estimate  ages  of 
trees  with  incomplete  cores  for  which  actual 
tree  average  growth  rates  and  diameters 
were  known.  Growth  rates  of  the  individual 
trees  gave  the  best  estimate  of  age,  with  cor- 
relation coefficients  ranging  from  0.89  to 
0.95  for  the  three  populations.  The  accuracy 
of  this  prediction  was  best  for  large  trees 
whose  ages  we  were  most  interested  in  esti- 
mating. Thus,  for  trees  with  incomplete  radi- 
al cores,  a  core  of  40  cm  was  obtained,  the 
rings  counted,  and  the  average  growth  rate 
determined.  The  average  growth  rate  of  the 
tree  was  then  used  to  estimate  the  number  of 
growth  rings  in  the  uncored  radius. 

Population  densities  were  calculated  using 
standard  point-quarter  techniques  (Cottam 
and  Curtis  1956).  The  average  increase  in 
DBH /year  was  determined  by  dividing  the 
diameters  of  the  trees  by  their  age. 

Size  structure  of  the  populations  was  de- 
termined by  calculating  the  frequency  of 
trees  within  20-cm  diameter  classes.  Age 
classes  were  set  at  250-yr  intervals. 

Mean  ages  were  also  calculated  and  the 
Student-t-test  applied  to  determine  whether 
significant  differences  occurred  among  popu- 
lations, or  among  different  areas  within 
populations. 

Results 

Montane  and  subalpine  conifer  species 
richness  and  the  relative  abundance  of  P. 
longaeva  varies  clinally  from  the  Markagunt 
Plateau  to  the  White  Pine  Range  (Table  1). 
Montane  and  subalpine  conifer  species  rich- 
ness is  relatively  high  on  the  Markagunt 
Plateau  (10  species)  and  the  Snake  range  (8 
species)  but  is  lower  on  the  more  western 
Egan  and  White  Pine  ranges  (5  and  4  spe- 
cies). Associated  with  the  decrease  in  conifer 
species  diversity  from  east  to  west  is  an  in- 
crease in  the  relative  abundance  and  altitu- 
dinal range  of  P.  longaeva  (Fig.  2).  Pinus 
longaeva  is  usually  restricted  to  poor  edaphic 
conditions  on  the  Markagunt  Plateau  and  the 
Snake  Range  and  has  correspondingly  abrupt 


490 


Great  Basin  Naturalist 


Vol.  44,  No.  3 


A.  MARKAGUNT  PLATEAU 


B.  SNAKE  RANGE 
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Fig.  2.  The  relative  abundance  of  montane  and  siibalpine  conifers  along  an  altitudinal  gradient  on  the  Markagunt 
Plateau  of  Utah  and  three  eastern  Nevada  ranges.  Key  to  species:  Abies  concolor  •  (white  fir),  A.  lasiocarpa  ^ 
(subalpine  fir),  Juniperus  scopulorum  0  (Rocky  Mountain  juniper),  Picea  en^elmannii  Q  (Engelmann  spruce),  Picea 
piingcns  ®  (blue  spruce),  P.  flexilis  ^  (limber  pine),  Finns  longaeia  |  (bristlecone  pine),  P.  ponderosa  Q 
(ponderosa  pine),  Psvudotstiga  inenzicsii  (J)  (Douglas  fir). 


population  boundaries.  Individual  trees  can 
be  found  at  a  wide  variety  of  habitats,  how- 
ever. Stands  on  the  Egan  and  White  Pine 
Ranges  a:re  larger,  have  a  broader  altitudinal 
range,  and  stand  boundaries  are  less  abrupt. 
Stands  here  are  found  to  exist  on  mesic  as 
well  as  poor  edaphic  sites. 

Estimates  of  the  numbers  of  individuals  per 
stand  and  their  densities  are  given  in  Table  2. 
Population  numbers  are  high,  but  densities 
are  low  in  comparison  to  more  mesophytic 
conifer  stands.  Comparisons  of  densities  be- 
tween populations  indicate  that  WP  and 
WM  are  similar,  but  that  the  density  of  TF  is 
over  twice  that  of  the  other  two  populations. 
This  would  appear  to  be  due,  at  least  in  part, 
to  the  monospecific  nature  of  this  population, 
but  may  also  be  due  to  different  physical 
conditions.    Population    densities    are    not 


homogeneous  among  elevation  zones  (Table 
2).  Each  population  has  its  highest  densities 
at  the  lower  elevations. 

Growth  rates  of  individual  trees  can  be 
used  as  an  indicator  of  overall  environmental 
hospitality.  Beasley  (1980)  found  that  bristle- 
cone  pine  grows  best  on  sites  with  favorable 
moisture  conditions.  However,  in  these  three 
populations  the  growth  rates  of  bristlecone 
pine  are  low  (Table  3).  Comparisons  among 
populations  indicate  that  the  growth  in  diam- 
eter in  WP  and  TF  were  effectively  equal. 
On  Ward  Mountain,  however,  where  bristle- 
cone pine  is  assumed  to  be  found  on  a  wider 
variety  of  sites,  mean  growth  rates  are  signifi- 
cantly higher  (p  <  .001).  If  growth  rates  are 
a  good  indicator  of  habitat  hospitality,  WP 
has  the  harshest  environment,  followed  close- 
ly by  TF. 
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Table  1.  Species  richness  and  relative  abundances  of  montane  and  subalpine  conifers  on  selected  ranges  in  Utah 
and  Nevada. 


Relative  abundance  (%) 

Species 

Markagunt 
Plateau 

Snake 
Range 

Egan 
Range 

White  Pine 
Range 

Abies  concolor 

34 

31 

40 

54 

A.  lasiocarpa 
Jnnipents  scopulornm 
J.  commnnis 

11 
5 
0° 

1 
2 

1 

6 

Picea  engebnannii 

15 

34 

19 

- 

P.  pnngens 
Pinns  flexilis 

4 
13 

23 

16 

6 

P.  longaeva 
P.  ponderosa 
Pseudotsnga  menziesii 

1 

5 

12 

1 
1 
8 

24 

34 

Total  species 

10 

8 

5 

4 

'Present  but  less  than  1% 


Populations  TF  and  WM  have  similar  pat- 
terns of  individual  growth  at  different  eleva- 
tions within  populations,  but  the  pattern  in 
WP  differs.  Growth  rates  at  the  lower  eleva- 
tions of  TF  and  WM  are  significantly  higher 
(p  <  .01)  than  those  of  the  middle  and  upper 
elevations.  This  comparison  is  valid  because 
the  growth  rates  of  small  and  large  trees  are 
not  significantly  different.  These  results  in- 
dicate that  the  lower  elevations  offer  the 
most  hospitable  environments. 

Tree  size  (DBH)  is  often  used  as  an  in- 
dicator of  age.  However,  since  direct  esti- 
mates of  age  were  obtained  from  counting 
growth  rings,  the  size  data  is  not  presented. 
Also,  although  DBH  is  significantly  corre- 
lated (p  <  .01)  with  age  in  bristlecone  pine, 
it  explains  only  70%  of  the  total  variation  in 
age.  All  populations  have  a  mixed  size  struc- 
ture with  a  high  proportion  of  small  individ- 
uals. This  indicates  that  these  forest  stands 
are  reproducing  themselves  (Wikam  and 
WaUi  1970). 


Table  2.  Densities  (trees/ha)  and  approximate  num- 
bers of  individuals  of  three  bristlecone  pine  {Pinns  lon- 
gaeva) populations  in  Utah  and  Nevada. 


Twisted 

Wheeler 

Ward 

Forest 

Peak 

Mt. 

(TF) 

(WP) 

(WM) 

Altitudinal  zone 

Upper 

138 

57 

51 

Middle 

138 

99 

94 

Lower 

224 

75 

102 

Population  mean 

163 

72 

77 

Number  of  individuals 

17,000 

8,500 

14,000 

Populations  TF  and  WM  have  age  struc- 
tures strongly  skewed  toward  the  younger 
age  classes.  In  the  absence  of  any  signs  of  dis- 
turbance by  man  or  of  any  widespread  cat- 
astrophic events,  the  age  structures  suggest 
an  increase  in  population  numbers.  The  age 
distribution  of  WP  is  indicative  of  a  station- 
ary population.  It  should  be  noted  that  the 
age  structure  of  WM  has  certain  age  classes 
with  few  or  no  trees.  This  could  represent  pe- 
riods of  low  recruitment  or  could  be  an  arti- 
fact of  the  sample  size.  Age  classes  with  few 
representatives  correspond  to  cool-dry  cli- 
matic periods  at  approximately  900  and 
2500-3000  years  B.P.,  respectively  (La- 
Marche  1974). 

The  mean  ages  of  trees  in  the  three  eleva- 
tional  zones  from  population  TF  are  signifi- 
cantly different  (t  =  2.274  to  5.633;  p  < 
.01).  The  average  ages  of  the  high  and  low  {t 
=  7.916;  p  <  .001)  and  the  middle  and 
lower  portions  (t  =  4.218;  p  <  .001)  of  WM 
are  also  significantly  different.  In  contrast, 
the  mean  age  of  trees  from  the  three  altitu- 
dinal zones  within  WP  were  not  significant, 
although  the  age  distributions  do  not  appear 
to  be  equivalent. 

TF  and  WM  have  similar  patterns  of  varia- 
tion in  age  structure  along  the  altitudinal 
gradient.  A  low  proportion  of  young  trees 
and  a  high  proportion  of  old  trees  are  ob- 
served at  the  upper  elevations,  a  condition 
that  is  indicative  of  decreasing  or  stationary 
population  numbers.  The  intermediate  eleva- 
tions have  higher  proportions  of  young  trees, 
but   several   old   trees   are   also   present,   in- 
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Fig.  3.  The  age  distribution  of  three  Pinus  longaeva  populations  in  Utah  and  Nevada.  Mean  ages  and  the  age 
distribution  at  three  different  altitudes  within  each  population  are  also  given.  The  age  classes  are  in  250-year 
intervals. 


dicating  that  population  size  in  the  middle 
zone  is  either  stationary  or  growing  slowly. 
The  presence  of  many  old  trees  also  indicates 
that  bristlecone  pine  has  occupied  these  areas 
for  some  time.  The  lower  portions  of  these 
two  populations  have  age  distributions 
strongly  skewed  toward  the  younger  age 
classes,  with  no  trees  over  1 100  years  in  age. 

Population  WP  does  not  fit  this  pattern  in 
all  respects,  but  the  age  distributions  at  dif- 
ferent altitudes  indicate  (Fig.  3)  that  the 
greatest  establishment  is  presently  occurring 

T.^BLE  3.  Average  growth  rates  of  trees  in  DBH  in  three 
Nevada.  Growth  rates  of  trees  at  different  altitudes  within 
sampled.  Increase  in  DBH  is  in  min/yr. 


at  lower  elevations.  Due  to  the  presence  of 
many  old  trees,  the  age  distribution  at  the 
lower  portion  of  this  population  is  not  in- 
dicative of  a  newly  colonized  site. 

The  method  of  Leak  and  Graber  (1974) 
was  applied  to  the  data  to  test  whether 
bristlecone  pine  stands  are  spreading  into  the 
lower  elevations.  This  method  is  based  on  the 
premise  that  population  spread  is  reflected  in 
the  relationship  of  maximum  and  minimum 
ages  of  the  trees  in  the  stand.  The  maximum 
age  should  be  old  and  the  minimum  age 

bristlecone  pine  [Pinus  longaeva)  populations  in  Utah  and 
populations  are  also  compared.  N  =  the  number  of  trees 


Increase  in 
fliameter/vr 

Twisted  Forest 

N 

Wheeler  Peak 

N 

101 
37 
29 
41 

Ward  Mt. 

1.226 

.963 

1.021 

1.700 

N 

Population  mean 
Upper 
Middle 
Lower 

.864 

.701 

.645 

1.200 

112 
33 
38 
41 

.725 
.834 
.637 
.673 

110 
37 
30 
43 

•Growth  rates  of  populations  or  altitude  classes  connected  by  lines  are  not  significantly  different  as  determined  by  the  student-t-test.  Those  not  connected 
are  significantly  different. 
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A.  TWISTED  FOREST 


3000  2800 

B.  WHEELER  PEAK 


3200  3100 

C.  WARD  MOUNTAIN 


3100  3000 

ALTITUDE  (M) 


Fig.  4.  The  age  of  the  oldest  and  youngest  trees  along 
an  altitudinal  gradient.  This  method  is  used  to  detect 
migration  of  forest  vegetation  (Leak  and  Graber  1974). 
Small  dots  =  minimum  age.  Large  dots  =  maximum 
age. 

young  if  the  population  is  static  in  the  area. 
If  both  the  maximum  and  minimum  tree  ages 
are  yoimg,  the  area  probably  has  been  re- 
cently colonized. 

At  the  higher  altitudes  of  TF  (Fig.  4)  the 
maximum  and  minimum  tree  ages  are  old,  in- 
dicating an  old,  poorly  reproducing  stand. 
The  center  of  this  population  is  static,  but 
the  lower  portion  of  the  population  appears 
to  be  recently  colonized.  The  plots  (Fig.  4) 
for  WP  are  not  smooth  and  as  a  result  are 
harder  to  interpret.  Generally,  it  appears  that 
the  extreme  lower  portion  of  the  population 
is  a  relatively  young,  newly  established  stand. 
Population  WM  appears  to  be  static  at  the 
upper  and  middle  zones,  but  has  only  recent- 
ly become  established  below  2900  m. 

Discussion  and  Conclusions 

The  distribution  of  Pinus  longaeva  on  these 
mountain  ranges  is  strongly  associated  with 


species  richness  of  montane  and  subalpine 
conifers.  Where  conifer  species  richness  is 
relatively  high  on  the  Markagunt  Plateau  and 
the  Snake  Range,  P.  longaeva  stands  are  re- 
stricted to  poor  edaphic  sites  and  have 
abrupt  boundaries.  On  the  Egan  and  White 
Pine  ranges,  where  conifer  species  richness  is 
relatively  low,  the  area,  altitudinal  range, 
and  types  of  habitats  dominated  by  P.  lon- 
gaeva are  greatly  increased.  Why  conifer 
species  richness  decreases  from  east  to  west 
in  the  Intermountain  Region  is  subject  to  de- 
bate. It  is  possible  that  some  conifer  species 
have  not  had  the  time  or  dispersal  ability  to 
become  established  on  the  middle  and  west- 
ern Great  Basin  ranges  (Wells  1983).  Alterna- 
tively, their  ranges  may  be  restricted  because 
environmental  conditions  are  suboptimal  or 
intolerable.  The  western  ranges  are  more  xer- 
ic  than  the  eastern  ranges  due  to  the  rain 
shadow  of  the  Sierra  Nevada  of  eastern 
California. 

Bristlecone  pine  is  probably  absent  from 
the  mesic  sites  (high  moisture  and  nutrient 
availability)  due  to  its  low  shade  tolerance 
(Baker  1950).  On  harsh  sites,  where  it  is  re- 
leased from  competition  for  light,  it  is  able  to 
form  stands  because  of  its  low  nutrient  and 
moisture  requirements  (Beasley  and  Leem- 
redson  1980).  The  increased  dominance  of  P. 
longaeva  on  the  Egan  and  White  Pine  ranges 
may  result  from  the  suboptimal  or  intolerable 
conditions  for  more  mesophytic  species  such 
as  Picea  engelmannii.  This  explanation  could 
be  tested  by  detailed  studies  of  fossil  material 
in  woodrat  middens  dating  to  the  Holocene 
in  the  area,  coupled  with  detailed  measure- 
ments of  soil  and  nutrient  levels  in  the  field 
and  testing  of  relative  tolerance  ranges  for 
the  conifer  species  involved. 

Growth  rates  of  individual  trees  are  slow 
but  highly  variable  within  and  among  stands, 
demonstrating  the  sensitivity  of  P.  longaeva 
to  its  environment.  It  is  this  sensitivity  that 
has  made  P.  longaeva  so  valuable  in  the  re- 
construction of  past  climatic  events  (La- 
Marche  1974).  The  present  age  structure  of 
these  three  populations  indicates  they  are 
maintaining  or  increasing  their  numbers.  Fur- 
thermore, the  elevational  pattern  of  age  dis- 
tributions within  populations  indicates  a 
downward  shift  in  the  altitudinal  range  of 
Pinus   longaeva   over   the   last   few  hundred 
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years.  Obviously,  the  spatial  distribution  and 
abundance  of  P.  longaeva  on  these  mountain 
ranges  has  varied  through  time. 
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BURROWING  AND  DENNING  HABITS  OF  A  CAPTIVE  COLONY 
OF  THE  UTAH  PRAIRIE  DOG 

Harold  J.  Egosciie'  and  Elizabeth  S.  Frank- 

Abstract.—  Burrows,  hibernaculums,  and  nests  of  an  exhibit  colony  of  the  Utah  prairie  dog,  Cynornys  parvidens, 
are  described. 


Little  has  been  published  about  the  bur- 
rowing and  denning  habits  of  white-tailed 
prairie  dogs  (Subgenus  Leucocrossuromys). 
Longhurst  (1944)  described  and  diagrammed 
four  burrows  of  Cynornys  g.  gunnisoni,  which 
contained  no  hibernating  animals,  and  Clark 
(1977)  described  two  burrows  of  C.  leucurus, 
one  of  which  was  only  partially  excavated 
but  thought  to  contain  a  hibernating  prairie 
dog.  As  noted  by  Pizzimenti  and  Collier 
(1975),  the  burrows  of  the  Utah  prairie  dog, 
C.  parvidens,  have  not  been  investigated. 

Methods 

An  earth-filled,  circular,  fenced  enclosure 
14.6  m  in  diameter  containing  a  colony  of 
seven  Utah  prairie  dogs  at  the  National  Zoo- 
logical Park,  Washington,  D.C.,  was  exca- 
vated in  October  and  November  1978  after 
the  animals  had  become  completely  inactive 
aboveground.  A  concrete  footing  that  extend- 
ed almost  2.75  m  belowground  and  an  un- 
mortared  brick  bottom  provided  drainage  but 
prevented  the  animals  from  burrowing  out. 

Utah  prairie  dogs  had  occupied  the  exhibit 
since  1971;  their  numbers  varied  from  6  to  18 
animals  (average  about  8).  At  least  seven  lit- 
ters of  young  were  raised.  The  1975  crop  of 
10  young  was  sent  to  Hogle  Zoological  Gar- 
den, Salt  Lake  City,  Utah;  otherwise  all 
young  were  left  in  the  colony. 

Excavation  was  done  in  two  stages:  (1)  by 
digging  along  the  burrows  until  all  that  could 
be  located  were  uncovered  and  mapped,  and 
(2)  by  carefully  removing  the  remaining  dirt, 
mostly  by  pick  and  shovel,  until  all  animals 
were  found. 


Results  and  Discussion 

The  entrances  and  upper  level  tunnels 
shown  in  Figure  1  represent  the  cumulative 
efforts  of  several  generations  of  animals  over 
7.5  years  of  habitation.  There  were  two  types 
of  burrows:  (1)  deep,  permanent,  usually  but 
not  always  interconnected  systems  many  me- 
ters long,  with  several  entrances,  nest  cham- 
bers, and  "turn-arounds"  (near  some  but  not 
all  entrances),  where  the  occupants  slept, 
reared  young,  sought  shelter,  and  hibernated; 
and  (2)  short,  shallow,  usually  unbranched 
tunnels  open  at  both  ends,  and  less  than  1.8 
m  long  that  seemed  to  be  used  mainly  for 
emergency  hiding  places.  Although  some  of 
the  latter  were  maintained  in  good  repair  for 
more  than  a  year,  none  was  enlarged  into  a 
main  burrow  or  subsequently  became  part  of 
an  existing  main  burrow.  All  these  simple 
burrows  were  located  close  to  or  against  the 
concrete  footing  and  may  have  represented 
artifacts  of  captivity. 

None  of  the  upper-level  tunnels  shown  in 
Figure  1  led  to  hibernaculums.  Apparently 
passages  to  deeper  levels  where  the  hibernat- 
ing animals  were  later  discovered  were 
plugged,  probably  where  they  branched  from 
the  shallower  levels  and  were  overlooked. 
Three  chambers  containing  old  nests  in 
varying  stages  of  decay  were  located  at  the 
ends  of  short  unplugged  side  tunnels  46-61 
cm  off  main  tunnels  and  at  depths  of  61,  71, 
and  79  cm  below  ground  level.  Two  of  these 
measured  about  25  x  25  x  28  and  25  x  20  x  25 
cm  and  were  almost  globular.  Since  all  were 
at  or  above  the  frost  line  (about  76.2  cm  be- 
low the  surface  in  this  part  of  Washington, 
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Fig.  1.  Diagram  of  Utah  prairie  dog  enclosure  showing  (1)  den  entrances  (solid  circles  =  active  entrances,  open 
circles  =  inactive  and  abandoned  entrances);  (2)  all  upper-level  burrows  (width  not  to  scale);  (3)  locations  of  nests  in 
upper-level  burrows  (capital  letters);  and  (4)  positions  of  nests  at  deeper  levels  where  hibernating  animals  were  found 
(X's).  Diameter  of  enclosure  was  14.56  m. 


D.C.),  it  was  assumed  they  were  not  used  for 
hibernation. 

Nests  occupied  by  hibernating  animals 
were  foimd  107,  122,  135,  142,  and  208  cm 
below  the  surface.  The  smallest  chamber 
measured  22  x  24  x  24  and  the  largest  28  x  25 
X  30  cm.  Each  was  filled  to  capacity  with  dry 
plant  material  (Fig.  2)  gathered  from  the  sur- 
face. The  innermost  materials  in  contact  with 
the  occupant's  body  were  finely  shredded. 
The  dirt  below  each  nest  was  dry  and  pow- 
dery to  a  depth  of  about  2  cm  and  slightly 


warm  to  the  touch.  The  deepest  hibernacu- 
lum  was  about  0.6  m  from  the  bottom.  We 
found  no  tunnels  or  nests  in  contact  with  the 
bricks.  The  nests  contained  no  fecal  material 
or  ectoparasites. 

When  located,  two  of  the  seven  animals 
were  completely  inactive,  three  were  in  early 
stages  of  arousal  but  still  in  their  nests  and 
imable  to  make  coordinated  movements,  and 
the  last  two  were  not  only  fully  awake  but 
also  sought  to  evade  capture.  Our  prolonged 
digging  activities  may  have  aroused  the  latter 
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Fig.  2.  Nests  of  the  Utah  prairie  dog.  Scale  in  mm  (Photo  by  S.  Baronh). 


two  individuals.  All  hibernating  animals  nest- 
ed separately.  The  closest  two  occupied  nests 
were  about  1.2  m  apart  at  approximately  the 
same  depth. 

Of  the  35  entrances  shown  in  Fig.  1,  24 
were  active  in  1978,  but  only  about  half  of 
these  led  to  main  burrows.  Other  active  en- 
trances (e.g.,  35,  10,  11,  33,  12,  and  13)  were 
to  "emergency  hiding"  burrows.  Old  en- 
trances 24-25  and  26-27  marked  the  ends  of 
two  such  burrows  that  were  active  from  1972 
to  1975  and  then  abandoned.  Old  entrance  34 
originally  led  to  a  main  burrow  system  and 
was  used  from  1973  to  the  summer  of  1975, 
when  heavy  rains  filled  it  with  soil,  and  it 
was  never  reopened.  Entrance  18  marked  the 
location  of  the  first  burrow  dug  by  the  wild- 
trapped  stock  in  1971  and  was  the  only  en- 
trance in  continuous  use  for  the  entire  history 
of  the  colony.  It  was  also  the  entrance  where 
the  first  young  born  to  the  colony  emerged  in 
1973.  Old  entrance  32  was  the  only  one 
known  to  have  been  opened  by  digging  from 
below  the  ground  to  the  surface.  The  tunnel 
leading  from  it  was  the  most  nearly  vertical 
(estimated  80  degrees).  Others  entered  the 
ground  at  a  25-  to  40-degree  angle. 


Even  though  the  samples  were  small,  the 
burrows  of  Utah  prairie  dogs  described  here- 
in did  not  differ  significantly  from  those  of 
other  whitetailed  species.  Although  C.  leuc- 
tirus  and  relatives  are  usually  regarded  as 
true  hibemators,  there  seem  to  be  no  con- 
sistent differences  between  the  underground 
systems  of  whitetailed  and  the  non- 
hibernating  black-tailed  prairie  dogs.  Some 
variations  in  burrow  design  apparently  re- 
lated to  local  soil,  rock,  and  gravel  strata  con- 
ditions (Wilcomb  1954)  or  height  of  the  wa- 
ter table  and  periodic  flooding  have  been 
reported  (Foster  1924;  Whitehead  1927). 
Utah  prairie  dogs  made  no  modifications  to 
prevent  occasional  flooding  of  their  burrows 
from  heavy  rains  in  Washington,  D.C. 
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MULE  DEER  PASSAGE  BENEATH  AN  OVERLAND  COAL  CONVEYER 

Charles  L.  Greenwood'  and  Larry  B.  Dalton' 

Abstract.—  Presently,  information  pertaining  to  migration  and  daily  movement  patterns  of  big  game  in  relation 
to  overland  conveyors  or  large  diameter  pipelines  is  sparse.  A  literature  review  showed  that  moose  (Alces  alces), 
caribou  {Rangifer  tarandus  granti),  reindeer,  and  dall  sheep  {Ovis  dalli  dalli)  will  pass  beneath  or  over  large  diameter 
pipeline  systems.  But  no  information  was  found  relative  to  big  game  crossing  coal  conveyor  systems.  Mule  deer 
{Odocoiletis  hemionus)  passage  beneath  an  overland  coal  conveyor  in  Carbon  County,  Utah,  was  studied  during 
spring  1981.  Deer  avoided  crossing  at  underpass  opportunities  where  the  clearance  was  less  than  50  cm.  Clearances 
between  50  and  90  cm  were  selected  for  crossing.  Deer  passed  beneath  the  conveyor  during  day  and  nighttime 
conditions  and  while  the  conveyor  was  either  operating  or  idle.  Recommendations  are  discussed  for  designing 
conveyors  and  pipelines  to  facilitate  big  game  passage. 


Wildlife  agencies  are  presently  faced  with 
assessing  the  impacts  of  diverse  development 
on  wildlife.  They  are  frequently  forced  to 
perfonn  such  assessments  without  the  benefit 
of  substantial  information  or  guidelines.  One 
area  of  particular  concern  to  the  Utah  Divi- 
sion of  Wildlife  Resources  is  the  creation  of 
barriers  to  big  game  migration.  This  paper 
will  focus  on  barriers  such  as  overland  con- 
veyor systems  and  large-diameter  above- 
ground  pipelines.  Typically,  without  ade- 
quate precautions,  these  structures  cannot  be 
crossed  by  big  game  animals.  Increased  in- 
dustrial use  of  these  structures  has  prompted 
the  need  for  understanding  the  impacts  of  big 
game  movement.  Transportation  of  water, 
gases,  minerals,  and  other  products  over  long 
distances  by  use  of  overland  conveyors,  slurry 
lines,  or  large-diameter  pipelines  is  a  historic 
practice.  The  economic  feasibility  of  such  has 
been  enhanced  by  escalating  fuel  costs  and 
prospects  of  using  saline  water  in  slurry  lines. 
These  structures  can  create  migration  as  well 
as  daily  movement  problems  for  big  game. 

A  review  of  pertinent  literature  and  sur- 
veys of  other  wildlife  agencies  in  the  West 
indicate  that  the  Trans-Alaska  Pipeline  is  the 
only  similar  structure  that  has  been  studied 
relative  to  big  game  movement.  Child  (1973) 
assessed  the  reactions  of  caribou  to  various 
aboveground  designs  of  simulated  pipelines 
in  Prudhoe  Bay,  Alaska.  Most  caribou  (78%) 
approaching  the  simulation  either  reversed 


their  direction  of  movement  or  circumvented 
the  structure.  When  crossings  were  made, 
overpass  ramps  were  utilized  three  times 
more  often  than  underpasses.  Avoidance  of 
the  Trans-Alaska  Pipeline  during  migration, 
and  abandonment  of  most  calving  in  the 
Prudhoe  Bay  area  continue  to  be  a  problem 
(Cameron  et  al.  1979,  Cameron  and  Whitten 
1982).  Child  and  Lent  (1973)  found  the  re- 
sponses of  semidomesticated  reindeer  to  be 
similar  to  that  of  caribou. 

Van  Ballenberghe  (1978)  evaluated  the  re- 
action of  moose  to  the  Trans-Alaska  Pipeline. 
Moose  rarely  moved  over  pipeline  sections 
that  had  recently  been  buried.  Most  moose 
crossings  were  beneath  pipeline  sections  ele- 
vated 1.8  m  or  more.  Hinman  (1974)  noted 
that  moose  along  the  Davidson  Ditch  Pipe- 
line near  Fairbanks,  Alaska,  would  not  cross 
at  clearances  less  than  1.5  m. 

Dall  sheep  in  Alaska  are  known  to  cross 
beneath  pipelines  providing  1.5  m  clearance 
during  migration  (W.  Smith,  pers.  comm., 
Alaska  Department  of  Fish  and  Game). 

In  an  effort  to  understand  the  effects  of  an 
overland  coal  conveyor  on  mule  deer  migra- 
tion and  daily  movements  in  Utah,  a  recently 
constructed  conveyor  was  studied. 

Study  Site 

The  overland  coal  conveyor  is  in  Wattis 
Canyon,  Carbon  County,  Utah  (39°31'  N 
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Lat.,  111°02'  W  Long.),  and  is  operated  by 
Plateau  Mining  Company's  Star  Point  Mine. 
Wattis  Canyon  is  on  the  east  side  of  the 
Wasatch  Plateau,  and  drains  from  west  to 
east.  The  canyon  sides  are  steep  and  support 
a  mountain  brush  vegetative  type.  Scattered 
stands  of  Douglas  fir  {Pseudotsiiga  menziesii) 
are  located  in  the  drainages  of  the  north-fac- 
ing slope.  Predominant  vegetation  at  the 
mouth  of  the  canyon  consists  of  pinyon  pine 
{Finns  edulis)  and  Utah  juniper  {Juniperus  os- 
teospemia)  interspersed  with  sagebrush  {Arte- 
misia tridentata  and  A.  nova).  The  conveyor 
system  is  situated  near  the  base  of  the  north- 
facing  slope. 

Most  deer  use  of  this  area  occurs  during 
fall  and  spring  migration,  although  a  few 
deer  remain  yearlong.  Alignment  of  the  con- 
veyor is  such  that  it  generally  parallels  the 
drainage  as  well  as  the  direction  of  spring 
and  fall  deer  migrations.  The  conveyor  ex- 
tends downslope  1.4  km  from  the  edge  of 
deer  summer  range  into  winter  range.  The 
conveyor  structure  is  1.8  m  wide,  covered  by 
corrugated  metal  with  vertical  leg  supports 
spaced  6.1  m  apart.  It  emits  a  constant  noise 
while  operating  that  measures  77  decibels 
(comparable  to  an  idling  vehicle)  at  a  dis- 
tance of  1  m. 

Methods 

Between  10  April  and  4  May  1981,  9  in- 
spections of  Plateau's  conveyor  were  con- 
ducted to  document  evidence  of  tracks  or  di- 
rect observation  of  deer  crossing  beneath  the 
conveyor.  The  winter  and  spring  of  1981  was 
comparatively  dry,  with  little  snow  accumu- 
lation. No  snow  was  present  during  the  study 
period.  Two  short  sections  of  the  conveyor 
were  not  monitored:  the  tipple  (discharge) 
end  at  the  terminus  of  the  conveyor,  which 
provided  clearances  greater  than  3  m;  and 
the  portal  end,  which  was  positioned  next  to 
the  ground,  thus  allowing  no  clearance.  Pas- 
sage opportunity  greater  than  3  m  was  as- 
sumed (based  on  field  observation  of  deer  at 
another  conveyor  structure)  to  not  interfere 
with  movement. 

In  addition,  149  random  measurements 
were  taken  along  the  monitored  length  of  the 
conveyor  to  estimate  statistics  relative  to 
clearance   beneath    it.    Correlation    analysis, 


chi-square  analysis,  and  Bonferroni  normal 
statistics  (Neu  et  al.  1974)  were  used  to  quan- 
titatively analyze  the  data. 

Results  and  Discussion 

During  the  study  period,  150  mule  deer 
crossings  under  the  conveyor  were  docu- 
mented. Surveys  to  determine  the  presence 
of  deer  migration  trails  revealed  numerous 
routes  adjacent  to  the  conveyor.  Most  trails 
paralleled  the  structure.  The  few  that  bi- 
sected it  were  usually  obliterated  by  con- 
struction activity.  The  mean  clearance  and 
standard  error  (SE)  beneath  the  conveyor  for 
observed  deer  crossings  was  70.8  (1.3)  cm. 
Random  measurements  along  the  conveyor 
showed  the  mean  clearance  to  be  67.8  (3.5) 
cm.  Correlation  analysis  of  clearance  cate- 
gories 30  cm  or  greater  showed  a  significant 
correlation  between  the  actual  deer  crossings 
and  random  measurements  (r  =  0.81,  P  < 
0.001).  This  would  appear  to  indicate  that 
the  proportion  (availability)  of  the  various 
clearances  along  the  conveyor  determined 
the  amount  of  deer  use  in  each  clearance  cat- 
egory (Table  1). 

However,  further  evaluation  through  chi- 
square  analysis  (goodness-of-fit  test)  showed  a 
significant  difference  between  the  observed 
and  expected  number  of  deer  crossings  for 
the  various  clearance  categories  (x^  =  78.5,  6 
d.f.,  P  <  0.0005).  Thus  the  hypothesis  that 
the  number  of  deer  crossings  within  each 
clearance  category  was  proportional  to  the 
availability  of  each  clearance  category  was 
rejected.  Next,  the  analysis  technique  devel- 
oped by  Neu  et  al.  (1974)  was  used  to  deter- 
mine which  clearance  categories  were  avoid- 
ed and  which  were  preferred  for  crossings. 
Comparisons  of  the  expected  proportion  of 
deer  crossings  in  each  clearance  category,  to 
the  99%  confidence  interval  on  observed  pro- 
portions of  deer  crossings,  were  made.  Deer 
crossed  at  clearances  of  50  to  90  cm  signifi- 
cantly more  than  expected;  88%  of  the  deer 
crossings  were  made  within  this  range  of 
clearances,  although  only  56%  of  the  cross- 
ings were  expected.  Clearances  of  90  to  130 
cm  were  used  in  proportion  to  their  avail- 
ability; 9%  of  the  deer  crossings  were  ob- 
served in  this  range  of  clearances,  and  7% 
were  expected.  The  two  remaining  clearance 
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categories,  0  to  50  cm  and  130  to  150  cm, 
were  used  significantly  less  than  expected: 
3%  of  the  deer  crossings  were  observed,  but 
32%  were  expected  in  the  lowest  category, 
and  1%  of  the  deer  crossings  were  observed 
in  the  highest  category  when  5%  was  ex- 
pected (Tables  1  and  2). 

Undoubtedly,  clearances  less  than  50  cm 
were  avoided.  This  is  partly  explained  be- 
cause of  the  difficulty  for  most  mule  deer  to 
physically  squeeze  beneath  structures  provid- 
ing less  than  30  cm  clearance.  However,  Falk 
et  al.  (1978)  have  documented  white-tailed 
deer  (Odocoileus  virginianus)  to  crawl  under 
highway  fences  where  gaps  of  only  23  cm  ex- 
isted. For  the  lowest  crossing  documented  be- 
neath the  conveyor  (33  cm),  drag  marks  and 
hair  were  left  by  the  mule  deer.  Also,  during 
times  of  conveyor  operation  it  is  speculated 
that  the  presence  of  a  moving  belt,  and  it 
possibly  rubbing  the  deer's  back,  would  hin- 
der crossing  at  such  low  clearances. 

Clearances  from  50  to  130  cm  were  readily 
used  by  deer  (the  range  of  heights  from  50  to 
90  cm  appeared  to  be  preferred),  but  clear- 
ances greater  than  130  cm  seemed  to  be 
avoided.  It  is  our  opinion  that  once  suitable 
clearance  was  provided  (50  cm)  and  all  other 
circumstances  were  acceptable,  a  crossing 
was  made.  The  apparent  preference  by  deer 
for  heights  ranging  from  50  to  90  cm  is  most 
likely  explained  by  the  high  availability 
(56%)  of  crossing  opportunities  along  the 
conveyor  in  this  category.  What  seems  to  be 
avoidance,  from  a  statistical  perspective,  of 
the  130  cm  or  greater  heights  is  misleading. 


It  may  simply  reflect  the  presence  of  human 
activity  near  those  portions  of  the  conveyor 
(the  tipple-loadout  area),  or  the  high  likeli- 
hood that  deer  would  encounter  suitable 
crossing  opportunity  first  (only  5%  of  the 
crossing  opportunities  were  of  heights  great- 
er than  130  cm). 

Behavioralobservationsof22deer-con- 
veyor  interactions  were  made.  No  deer  at- 
tempted to  jump  over  the  structure.  Deer 
passed  beneath  the  conveyor  at  times  when  it 
was  in  operation  as  well  as  when  it  was  idle. 
Deer  did  pass  during  both  day  and  night  con- 
ditions. Some  deer  showed  signs  of  anxiety 
when  near  the  conveyor,  but  others  gave  no 
indication  of  concern.  A  few  deer  refused  to 
cross  even  though  highly  motivated  and 
sought  alternate  routes. 

In  Alaska,  Child  (1973)  reported  that  small 
groups  of  caribou  were  more  apt  to  cross  the 
simulated  pipeline  than  large  groups.  Adult 
bulls  of  mixed  herds  usually  went  around  the 
simulated  pipeline.  Nursery  bands  or  groups 
under  female  leadership  investigated  and 
made  the  most  use  of  crossing  structures. 
Crossing  of  the  simulated  pipeline  often  re- 
sulted in  splitting  of  herd  groups,  and  in  some 
cases  separated  cows  from  calves  for  up  to 
two  hours.  Hinman  (1974)  noted  that  moose 
in  Alaska  always  made  a  crossing,  when  suit- 
able opportunities  were  provided,  within  800 
m  of  the  point  where  the  animal  first  encoun- 
tered the  pipeline.  Use  of  crossing  structures 
was  also  highly  correlated  with  the  level  of 
insect  harassment. 


Table  1.  Number  of  mule  deer  passages  and  random  measurements  per  clearance  category,  Plateau  Mining 
Company's  overland  coal  conveyor,  Carbon  County,  Utah,  1981. 


Clearance 

Number 

Number  of 

Clearance 

Number 

Number  of 

categories 

of  deer 

random 

categories 

of  deer 

random 

(cm) 

passages 

measurements 

(cm) 

passages 

measurements 

0-30 

0 

21 

90-95 

2 

3 

30-35 

1 

8 

95-100 

2 

3 

.35-40 

0 

5 

100-105 

1 

1 

40-45 

1 

4 

105-110 

5 

1 

45-50 

2 

10 

110-115 

1 

0 

50-55 

9 

11 

115-120 

0 

0 

55-60 

25 

12 

120-125 

1 

3 

60-65 

21 

15 

125-130 

1 

0 

65-70 

23 

16 

130-135 

0 

1 

70-75 

25 

17 

135-140 

0 

0 

75-80 

17 

5 

140-145 

1 

0 

80-85 

5 

5 

145-150-1- 

0 

6 

85-90 

7 

2 
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Recommendations 

Unfortunately,  with  the  limited  amount  of 
information  relative  to  big  game  passage  un- 
der or  over  barriers,  much  speculation  is  in- 
volved in  making  recommendations  at  this 
time. 

When  planning  and  designing  an  overland 
conveyor  system  or  similar  structure,  there 
are  several  important  considerations.  The 
known  or  projected  response  of  big  game  to 
the  structure  must  be  considered.  This  not 
only  includes  big  game  already  present,  but 
also  species  that  could  potentially  inhabit  the 
area.  Thus  far,  researchers  have  measured 
varying  responses  by  big  game  to  barrier 
structures.  Experience  from  the  Trans-Alaska 
Pipeline  and  similar  barriers  indicates  that 
moose  will  cross  under  a  structure  elevated 
to  allow  at  least  1.5  to  1.8  m  of  clearance 
with  minimal  accumulation  of  snow  (Van 
Ballenberghe  1977,  Hinman  1974).  Caribou 
are  much  more  sensitive  and  prefer  to  avoid 
structures.  During  times  of  stress  (migration 
and  insect  harassment)  they  sometimes  at- 
tempted to  cross,  preferring  to  use  overpasses 
(Child  1973,  Cameron  et  al.  1979,  Cameron 
and  Whitten  1982).  No  information  was 
foimd  on  elk  {Cervus  elaphus),  but  we  suspect 
that  elk  response  to  a  barrier  structure  would 
be  similar  to  that  of  caribou. 

Site-specific  factors  must  also  be  consid- 
ered. Design  of  crossing  structures  must  take 
into  account  snow  accumulation  and  vegeta- 
tion growth  beneath  the  structure,  which 
could  effectively  reduce  the  passage  clear- 
ance during  certain  seasons.  Topography  of 


the  area  should  be  considered  in  the  design. 
Canyons  and  washes  provide  natural  loca- 
tions for  underpass  opportunities,  and  cut- 
banks  through  hillsides  and  ridges  can  be  de- 
veloped into  overpass  structures. 

Overland  coal  conveyors  must  have  either 
a  sufficient  number  of  strategically  placed 
passage  structures  to  allow  big  game  move- 
ment, or  be  adequately  elevated  along  at 
least  60%  to  70%  of  the  total  conveyor.  The 
first  option  requires  site-specific  studies  rela- 
tive to  big  game  migration  and  daily  move- 
ment patterns. 

Construction  of  underpass  opportunities 
demands  the  greatest  attention  to  individual 
species  requirements.  Mule  deer  use  highway 
underpasses  with  varying  degrees  of  success 
(Reed  et  al.  1975,  Reed  1981,  Ward  1978). 
These  highway  underpasses  were  typically 
3.05  m  wide  and  3.05  m  high.  In  central 
Utah,  deer  use  underpasses  along  Interstate 
15  for  both  daily  movements  and  migration 
(Smith  and  Greenwood  1983).  Our  study  sug- 
gests that  underpass  structures  along  con- 
veyors require  a  minimum  clearance  of  1.0  m 
for  use  by  mule  deer  and  other  species  sim- 
ilar in  stature,  such  as  pronghorn  antelope 
{Antilocapra  americana)  and  bighorn  sheep 
{Ovis  canadensis).  A  minimum  clearance  of 
3.0  m  is  recommended  for  moose  and  elk. 
These  recommendations  allow  for  snow  accu- 
mulation and  vegetation  growth  under  the 
structure.  The  width  for  underpass  opportu- 
nities will  most  likely  be  determined  by  the 
support  structures  required  to  meet  engineer- 
ing specifications,  but  should  be  as  wide  as 
possible.   Vertical   support   structures   are 


Table  2.  Observed  and  expected  frequencies  of  mule  deer  crossing  under  Plateau  Mining  Company's  overland 
coal  conveyor,  Carbon  County,  Utah,  10  April-4  May  1981. 


Clearance 
categories 

(cm) 

Observed 

Expected* 

99%  confidence 
interval  on  Pi'' 

Selection 

N 

Proportion  (Pi) 

N 

Proportion 

behavior* 

Oto    30 

0 

0.0 

21 

0.141 

_d 

avoided 

30  to    50 

4 

0.027 

27 

0.181 

0.015-0.069 

avoided 

50  to    70 

78 

0.520 

54 

0.362 

0.390-0.650 

preferred 

70  to   90 

54 

0.360 

29 

0.195 

0.235-0.485 

preferred 

90  to  110 

10 

0.067 

8 

0.054 

0.002-0.132 

indifferent 

110  to  130 

3 

0.020 

3 

0.020 

0.016-0.056 

indifferent 

130  to  150  + 

1 

0.007 

7 

0.047 

0.015-0.029 

avoided 

Total 

150 

149 

^Derived  from  random  measurements. 

''From  Neuetal.  (1974). 

'K^learances  avoided  were  used  significantly  less  than  expected;  clearances  preferred  used  significantly  more;  clearances  indifferent  used  as  expected. 

°No  confidence  interval  on  O  observation. 
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located  every  18.3  m  along  the  Trans-Alaska 
Pipeline  (Van  Ballenburghe  1978).  Plateau's 
coal  conveyor  provides  a  width  of  6.1  m  be- 
tween support  structures.  A  minimum  width 
of  6  m  is  recommended  for  deer  and  similar 
big  game,  and  18  m  for  moose  and  elk. 

Information  relative  to  an  overpass  struc- 
ture is  limited.  Bridges  are  sometimes  con- 
structed across  canals  to  provide  a  crossing 
opportimity  for  big  game;  Latham  and  Ver- 
zuh  (1971)  recommend  these  bridges  to  be  at 
least  2.4  m  wide  with  10  cm  of  soil  on  top. 
Child  (1973)  constructed  ramps  over  the  sim- 
ulated barrier  that  were  approximately  30  m 
wide  and  long  with  2:1  or  5:1  (horizontal  to 
vertical)  side-slopes  fanning  out  360  degrees 
from  the  barrier.  Along  the  Trans-Alaska 
Pipeline  overpasses  are  constructed  as 
mounds  9  m  wide  (W.  Smith,  pers.  comm.). 

Based  on  this  information,  it  is  recom- 
mended that  overpass  structures  be  designed 
as  circular  earthen  ramps  bisected  by  the 
conveyor.  The  round  shape  should  not  repel 
animals  that  are  foraging  or  moving  along 
the  barrier,  and  would  encourage  animals  ap- 
proaching from  any  direction  to  move  up  and 
over  the  barrier.  Each  half  of  the  ramp 
should  provide  a  travel  path  with  side-slopes 
no  greater  than  60%  from  horizontal.  The 
two  halves  should  be  connected  by  a  10-m 
wide  platform  spanning  the  barrier.  How- 
ever, burying  a  conveyor  for  a  distance  of  at 
least  15  m  would  be  a  better  alternative  than 
constructing  overpasses.  Buried  segments  of 
the  Trans-Alaska  Pipeline  15  to  25  m  in 
length  are  most  acceptable  to  caribou  (W. 
Smith,  pers.  comm.). 

Additional  planning  and  design  of  passage 
structures  should  include  providing  a  safe 
travel-way  to  move  big  game  up  to  and 
beyond  barriers.  Consideration  should  be  giv- 
en to  development  of  mature  trees  and  an 
abundance  of  browse  and  grass-forb  commu- 
nities along  and  approaching  the  barrier  and 
at  crossing  opportunities. 

In  this  study  on  deer,  evaluation  of  behav- 
ior was  limited.  No  determination  of  the 
number  of  deer  deflected  by  the  conveyor 
was  made.  This  study  simply  documents  the 
clearance  heights  of  a  barrier  under  which 
some  deer  will  pass.  Only  through  continued 
research  on  mule  deer  and  other  big  game 
will  the  full  impact  of  such  barriers  be  under- 


stood, and  additional  mitigation  techniques 
developed. 
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CRANIAL  MEASUREMENTS  OF  THE  COLUMBIAN  GROUND  SQUIRREL 

{SPERMOPHILUS  COLUMBIANUS  COLUMBIANUS),  WITH  SPECIAL  REFERENCE  TO 

SUBSPECIES  TAXONOMY  AND  JUVENILE  SKULL  DEVELOPMENT 

Charles  L.  Elliott'  and  Jerran  T.  Flinders- 

Abstract.—  The  Columbian  ground  squirrel  (Sperrnophilus  columbianus  (Ord))  is  represented  by  two  recognized 
subspecies,  S.  c.  columhianus  (Ord)  and  S.  c.  ruficaudus  (A.  H.  Howell),  that  occupy  allopatric  but  adjacent 
geographical  areas  in  Washington,  Oregon,  and  Idaho.  Since  numerical  cranial  characteristics  of  these  subspecies 
have  not  been  documented,  we  measured  8  cranial  characteristics  on  94  adult  and  32  juvenile  Columbian  ground 
squirrels  in  an  area  considered  to  be  occupied  by  S.  c.  columbianits.  Body  weights  and  standard  body  measurements 
were  recorded  for  adults  and  juveniles.  The  study  area  included  portions  of  the  River  of  No  Return  Wilderness  Area 
in  central  Idaho.  Howell's  (1938)  original  descriptions  seemed  to  differentiate  S.  c.  ruficaudus  from  our  sample  of 
Columbian  ground  squirrels.  Juvenile  Columbian  ground  squirrels  did  not  attain  full  cranial  development  until  their 
second  season.  Length  of  maxillary  tooth  row  in  juveniles,  especially  females,  may  closely  approximate  adult 
dimensions  by  the  end  of  their  first  summer. 


There  are  11  Holarctic  species  recognized 
in  the  subgenus  Sperrnophilus  Cuvier  and  8  of 
these  occur  in  North  America  (Hall  1981:382, 
Nowak  and  Paradiso  1983:501).  One  member 
of  this  group  is  the  Columbian  ground  squir- 
rel {Sperrnophilus  columbianus  (Ord)),  a  sciu- 
rid  endemic  to  the  Pacific  Northwest  (Fig.  1). 
Howell  (1938)  examined  specimens  of  Co- 
lumbian ground  squirrels  and  separated  the 
species  into  two  subspecies  of  S.  c.  columbia- 
nus (Ord)  and  S.  c.  ruficaudus  (A.  H.  How- 
ell). The  two  subspecies  are  differentiated  as 
follows:  (1)  coat  color:  ruficaudus  is  tawny 
(not  gray)  on  the  upper  side  of  the  tail,  sides 
of  its  face  and  throat  are  a  deeper  shade  of 
tawny  and  its  legs  and  feet  are  darker;  (2)  ex- 
ternal anatomy:  ruficaudus  have  larger  hind 
feet;  and  (3)  cranial  characteristics:  the  skull 
of  ruficaudus  is  larger  and  relatively  broader 
than  columbianus,  the  jugal  wider  and  zygo- 
mata more  heavily  built  (Howell  1938). 

The  cranial  dimensions  of  either  subspecies 
of  the  Columbian  ground  squirrel  have  not 
been  examined.  As  a  result  of  recent  field 
studies  (Elliott  and  Flinders  1980a,b),  we  ob- 
tained skulls  from  a  large  number  of  adult 
and  juvenile  Columbian  ground  squirrels. 
The  purpose  of  this  note  is  to  report  how  the 
measurements  obtained  from  these  specimens 


compare  to  Howell's  criteria  for  sub- 
speciation  and  to  note  the  extent  of  cranial 
development  exhibited  by  juvenile  ground 
squirrels  at  the  end  of  their  first  season  of 
activity. 


Fig.  1.  Range  of  Sperrnophilus  columbianus  in  North 
America.  Area  A  represents  the  range  of  S.  c.  columbia- 
nus; area  B  represents  the  range  of  S.  c.  ruficaudus,  and 
area  C  indicates  location  of  the  Idaho  Primitive  Area. 
Black  circles  correspond  to  specimen  locations  used  by 
Hall  (1981:389)  in  establishing  subspecies  boundaries. 


'Department  of  Botany  and  Range  Science,  Brigham  Y'oung  University,  Provo,  Utaii  84602.  (Current  address  301  O'Neill,  AES-ALR,  Univ.  Alaska, 
Fairbanks,  Alaska  99701). 
'Department  of  Botany  and  Range  Science,  Brigham  Young  University,  Provo,  Utah  84<>')2. 
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g.  These  categories  were  used  in  an  attempt 
to  eliminate  yearling  squirrels  from  calcu- 
lations. Mark-recapture  data  at  the  Cold 
Meadows  and  Rush  Point  sites  indicated  one- 
year-old  squirrels  emerging  from  hibernation 
exhibited  early  season  body  weights  of  ap- 
proximately 300  g  (unpublished  data).  Mich- 
ener  (1977)  also  separated  age  classes  of  Co- 
lumbian ground  squirrels  based  on  weight, 
finding  that  females  weighing  over  400  g  and 
under  300  g  could  reliably  be  classed  as 
adults  and  yearlings,  respectively.  It  was 
therefore  concluded  that  use  of  the  afore- 
mentioned weight  categories  (400,  500,  600 
g)  assured  that  only  adult  Columbian  ground 
squirrels  would  be  included  in  the  calcu- 
lations. Ground  squirrels  referred  to  as  juve- 
niles in  this  study  are  squirrels  in  their  first 
summer  of  life  (=  young  of  the  year).  Eight 
skull  parameters  (defined  in  Hall 
1981:133-137)  were  measured  (see  Table  1). 
All  measurements  were  taken  to  the  nearest 
0.1  mm  with  dial  calipers. 

Results  and  Discussion 

Ninety-four  adults  and  32  juvenile  Colum- 
bian ground  squirrel  skulls  of  the  subspecies 
Table  1.  Cranial  measurements  (mean  ±  S.D.)  of  adult  Columbian  ground  squirrels  from  four  sites  in  the  Idaho 
Primitive  Area  and  Howell's  (1938)  data.  Sample  size  in  parentheses.  Idaho  data  are  for  Spennophihis  cohimbianits 
columbiantis. 


Study  Area  and  Methods 

Ground  squirrels  were  collected  from  four 
sites  within  the  Big  Creek  drainage  of  the 
Idaho  Primitive  Area  (IPA)  (now  called  the 
River  of  No  Return  Wilderness  Area).  Phys- 
iography and  vegetation  of  the  Big  Creek 
area  have  been  described  by  Hornocker 
(1970).  The  Cold  Meadows  study  site  (elev. 
2142  m)  typified  the  mountain  meadow  habi- 
tat type  utilized  by  Columbian  ground  squir- 
rels in  the  IPA.  Rush  Point  (elev.  1890  m) 
represented  the  Artemisia  triden- 
tafa-bunchgrass  association  typical  of  the 
southeast-facing  slopes  occupied  by  S.  coluni- 
bianus.  The  Big  Creek  (elev.  1750  m)  and 
Cabin  Creek  (1067  m)  squirrel  colonies  were 
located  in  unused  horse  pastures,  areas  repre- 
sentative of  the  many  abandoned  homesteads 
and  ranches  found  throughout  the  IPA. 

Physical  measurements  and  skull  samples 
were  obtained  from  squirrels  live-trapped 
and  shot.  Skulls  were  skinned,  dried,  and 
placed  in  a  dermestid  beetle  (Dermestes 
maculatus)  colony  for  cleaning.  Only  squir- 
rels meeting  the  following  minimal  weight 
criteria  were  used  in  this  study:  June  body 
weight-400  g,  July-500  g,  and  August-600 


Location 


Occipito- 
nasal 
Diastema         length 


Palatilar      Zygomatic     Mastodial 
length  breadth         breadth 


Inter-  Maxillary 

orbital  Nasal        tooth  row 

breadth  length  length 


Idaho  Primitive  Area 
Cold  Meadows 

Males  (23) 
Females  (23) 

Rush  Point 

Males  (17) 
Females  (13) 


11.8±0.7      51.3±1.9 
11.6  ±0.6      50.4  ±0.9 


11.7±0.8      51.1±1.9 
11.2  ±0.9      49.3  ±1.9 


Big  Creek 

Males  (8) 

Cabin  Creek 

Males  (6) 
Females  (4) 

Howell's  1938  data 

S.  c.  columbiantis 

Males  (10) 

Females  (7) 

S.  c.  ruficaudus 

Males  (8) 
Females  (4) 


(Measurements  in  mm) 


25.4  ±0.9      32.2  ±1.7      25.7  ±0.9 
25.2  ±0.6      32.0  ±0.8      25.1  ±0.6 


25.6  ±0.9      .32.6  ±1.5      25.9  ±1.4 
24.5  ±0.8      30.7  ±2.0      24.9  ±1.5 


10.9  ±0.7      18.2  ±0.9    11.7  ±0.4 
10.7  ±0.7      18.2  ±1.2     11.5  ±0.5 


10.9±0.6      17.3±2.6     11.5±0.4 
10.6±0.7      17.7±1.4     11.6±0.5 


9.9±0.6      46.9±1.5      24.3±0.7      28.9±1.8      23.4±0.6        9.9±0.4      16.1±1.1     11.6±0.5 


11.1  ±0.4      50.0±1.3 
11.5±0.8      49.2±1.1 


25.1  ±0.8      30.7  ±0.6      24.4  ±0.7 
24.8  ±0.3      31.3  ±0.7      25.7  ±2.7 


10.1±0.4      17.5±0.5     11.8±0.4 
10.5  ±0.6      17.7  ±0.8    11.3  ±0.9 


51.7 

25.1 

31.8 

50.7 

24.8 

32.2 

54.2 

26.6 

34.1 

52.9 

25.7 

33.3 

10.6 

19.4 

10.9 

11.2 

18.7 

11.1 

12.4 

19.8 

11.4 

12.5 

19.3 

11.3 

July  1984 
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Table  2.  Cranial  measurements  (mean   ±  S.D.)  of  juvenile  Columbian  ground  squirrels  from  three  sites  in  the 
Idaho  Primitive  Area.  Sample  size  in  parentheses.  Data  for  Spermophilus  colwnbianus  columhianus. 


Sites 

Cold  Meadows 

Rush  Point 

Cabin  Creek 

Males 

Females 

Males 

Females 

Females 

Measurement 

(6) 

(6) 

(11) 

(5) 

(4) 

Diastema 

10.8  ±  0.6mm 

10.6  ±0.8 

10.3  ±0.6 

9.9  ±0.6 

10.6  ±0.4 

Occipotonasal  length 

47.4±1.1 

46.3  ±2.0 

47.4  ±2.6 

44.9  ±1.9 

47.3  ±2.2 

Palatilar  length 

2,3.7  ±0.5 

22.9  ±1.2 

23.9  ±1.2 

21.6±1.6 

24.9  ±0.4 

Zygomatic  breadth 

28.5±1.2 

28.9  ±2.4 

27.8  ±0.7 

27.7  ±0.9 

29.1  ±1.1 

Mastodial  breadth 

23.9  ±0.6 

23.3  ±1.7 

23.1  ±0.7 

22.2±1.1 

24.2  ±0.7 

Interorbital  breadth 

9.8  ±0.2 

9.8  ±0.5 

9.6  ±0.4 

9.5  ±0.5 

9.5  ±0.6 

Length  of  nasals 

16.2  ±0.9 

16.2  ±0.9 

15.7  ±0.7 

15.2  ±1.3 

16.4  ±1.3 

Maxillary  tooth  row 

11.7±0.3 

11.6±0.8 

11.4±0.5 

11.2  ±0.5 

11.6±0.5 

S.  c.  coltimhianus  were  measured  (Tables  1 
and  2).  No  statistical  comparison  between 
our  skull  measurements  and  Howell's  (1938) 
data  are  possible  (Howell  lists  only  the  cate- 
gory mean  and  range  of  values),  but  certain 
trends  are  evident.  The  mean  interorbital 
breadth,  length  of  nasals,  and  greatest  skull 


length  (occipitonasal  length)  given  by  Howell 
for  ruficaudus  are  larger  than  corresponding 
values  obtained  for  colwnbianus  (Table  1). 
This  would  tend  to  support  Howell's  sub- 
speciation  criteria  that  ruficaudus  skulls  are 
larger  and  broader  than  columhianus.  Howell 
also  noted  that  ruficaudus  had  larger  hind 


Table  3.  Mean  (±S.D.)  total  body  length,  hind  foot  length,  and  ear  length  (mm)  of  adult  Columbian  ground 
squirrels  from  four  sites  in  the  Idaho  Primitive  Area,  two  museum  collections,  and  Howell's  (1938)  data.  Sample  size 
in  parentheses. 


Location 


Total  body  length 


Hind  foot  length 


Ear  length 


Idaho  Primitive  Area' 
Cold  Meadows 
Male  (64) 
Female  (72) 

Rush  Point 
Male  (34) 
Female  (41) 

Big  Creek 

Male  (11) 
Female  (3) 

Cabin  Creek 
Male  (3) 
Female  (5) 

University  of  Idaho  Museum' 
Male  (10) 
Female  (11) 


334.9  ±14.2 
326.3  ±12.4 

328.2  ±16.5 
327.5±14.1 

333.8  ±16.5 
325.0  ±15.0 

341.7  ±7.6 
328.6  ±10.6 


337.6  ±13.5 
337.3  ±17.3 


University  of  Montana  Zoological  Museum' 

Male  (7)  366.1  ±18.8 

Female  (9)  348.4  ±  23.0 


50.5  ±1.7 
49.0  ±1.9 

49.4  ±1.8 
46.7  ±2.1 

51.4±1.9 
51.3±1.5 

51.3±2.3 

49.6  ±0.9 


49.7  ±2.0 
48.7  ±2.0 


52.1  ±3.7 
47.9  ±2.9 


19.7±1.3 
19.2±1.1 

19.4  ±1.4 
19.0±1.0 

19.5  ±0.7 
19.7  ±0.6 

19.7±1.2 
20.0  ±0.7 


22.5  ±3.5 
23.0  ±2.7 


17.8  ±2.9 

15.9  ±3.3 


Howell's  1938  data 

Spennophilus  columhianus  columhianus 

Male  and  female  (12)  349.7  (327-377)- 

Speniwphilus  columhianus  ruficaudus 

Male  and  female  (10)  369.6  (340-410) 


51.2  (48-55) 
54.2  (51-58) 


'  Data  for  Spermophilus  columhianus  columhianus. 
'Range  of  values  given  by  Howell  (1938). 
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Table  4.  Skull  size  of  juvenile  Columbian  ground  squirrels  expressed  as  a  percent  of  average  skull  dimensions  of 
adults  taken  during  the  same  collection  period,  August  1977-1978,  Idaho  Primitive  Area. 


Sites 

Cold  Meadows 

Rush  Point 

Cabin  Creek 

Measurement 

Males 

Females 

Males 

Females 

Females 

Diastema 

92 

91 

88 

89 

92 

Occipitonasal  length 

92 

92 

93 

91 

96 

Palatilar  length 

93 

91 

94 

88 

100 

Zygomatic  breadth 

89 

90 

85 

90 

93 

Mastodial  breadth 

93 

95 

89 

89 

94 

Interorbital  breadth 

90 

92 

88 

90 

90 

Length  of  nasals 

89 

89 

91 

86 

93 

Maxillary  tooth  row 

99 

100 

99 

97 

100 

feet  than  columbianus  (Table  3).  This  charac- 
teristic of  subspeciation  also  appears  to  be 
valid.  Howell's  ruficaudus  hind  foot  length 
and  associated  range  of  values  exceed  all  val- 
ues found  in  Idaho  and  other  locations  occu- 
pied by  columbianus  (Table  3).  Based  on  data 
reported  here  and  by  Howell  (1938),  an  addi- 
tional parameter  for  justifying  ruficaudus  as 
a  valid  subspecies  is  total  body  length. 
Spermophilus  c.  ruficaudus  appears  to  be  a 
longer  squirrel  than  columbianus,  exceeding 
all  reported  columbianus  values  for  total 
body  length  (Table  3). 

Juvenile  ground  squirrels  often  exhibit  a 
delay  in  attaining  maturity  (Bridgwater  1966, 
Morton  and  Tung  1970).  Juvenile  Columbian 
ground  squirrels  on  the  Cold  Meadows  study 
site  do  not  attain  adult  size  until  their  second 
season  (Elliott  and  Flinders  1980b).  This  same 
delay  in  attainment  of  adult  dimensions  is 
also  exhibited  in  cranial  development  (Table 
4).  Of  the  skull  parameters  measured,  the 
maxillary  tooth  row  was  the  closest  to  adult 
size  at  the  end  of  the  first  summer.  Skull 
length  (occipitonasal  length)  was  approx- 
imately 92%  of  adult  size  and  the  skull  width 
(zygomatic  breadth)  was  almost  90%  (Table 
4). 

Based  on  information  available  in  the  liter- 
ature and  data  reported  here,  Howell's  (1938) 
criteria  used  in  establishing  two  subspecies 
within  Spermophilus  columbianus  are  valid. 
Additional  data  concerning  the  physical  and 


cranial  dimensions  of  Spermophilus  columbia- 
nus ruficaudus  are  needed  to  further  estab- 
lish the  validity  of  the  two  subspecies. 

We  thank  the  University  of  Idaho  for  per- 
mission to  use  the  facilities  at  the  Taylor 
Ranch  Field  Station,  Idaho  Primitive  Area. 
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LITTORAL  HETEROGENEITY  AND  DIEL  BEHAVIOR 
OF  WHITE  BASS  {MORONE  CHRYSOPS)  AND  CARP  {CYPRINUS  CARPIO) 

IN  UTAH  LAKE,  UTAH 

Michael  G.  Devine^-^  and  Dennis  K.  Shiozawa' 

Abstract.—  Diel  activity  and  association  patterns  of  white  bass  (Morone  chrysops)  and  carp  {Cyprinus  carpio)  in 
Utah  Lake,  Utah,  were  studied  over  four  24-hr  periods  during  August  1980.  Fish  were  concurrently  sampled  from 
two  adjacent  littoral  habitats.  Significant  differences  existed  in  diel  activity  patterns  in  two  of  three  size  classes  of 
white  bass  and  in  diel  association  patterns  of  white  bass  and  carp  between  the  two  habitat  areas.  Differences  in 
habitat  stmcture,  and  in  biological  activity  between  the  habitat  types,  are  implicated  as  the  primary  determinants  of 
overall  diel  activity  of  fish  in  these  littoral  areas. 


The  temporal  structure  of  fish  commu- 
nities, particularly  diel  patterns,  has  received 
less  attention  than  other  structural  com- 
ponents such  as  trophic  and  spatial  patterns 
(Helfman  1978).  Studies  of  diel  distribution 
patterns  and  fish  behavior  have  generally  ex- 
amined differences  between  macrohabitat 
categories  (e.g.,  littoral  and  limnetic  zones) 
within  lakes  (Baumann  and  Kitchell  1974, 
Bohl  1980,  Carlander  and  Cleary  1949,  Keast 
and  Welsh  1968).  Few  studies  consider  differ- 
ences between  adjacent  littoral  habitat 
patches,  yet  field  and  theoretical  ecology 
continue  to  demonstrate  the  role  of  habitat 
heterogeneity  in  structuring  populations  and 
communities. 

Differences  should  exist  between  the  diel 
behavior  of  fish  and  habitat  heterogeneity. 
Differences  in  resource  availability  between 
habitats  (Ivlev  1961)  and  concurrent  differ- 
ences in  fish  association  patterns  (Larkin 
1956,  Werner  and  Hall  1977)  suggest  that 
energetic  benefits  from  given  strategies  of 
diel  behavior  are  not  equal  in  all  habitats. 
One  strategy  may  yield  high  net  returns  of 
energy  in  one  habitat,  but  in  another  net 
energy  returns  may  be  low  with  the  same 
strategy.  No  studies  specifically  treat  these 
ideas  with  respect  to  diel  behavior,  but  the 
general  topic  of  fish-habitat  energetics  has 
been  examined  by  others  (Glass  1971,  Werner 
and  Hall  1974,  1979,  Werner,  Mittelbach, 
and  Hall  1981). 


Two  studies  suggest  the  existence  of  with- 
in-habitat  differences  in  fish  diel  activity. 
Helfman  (1979a)  noted  within-population 
variation  in  diel  activity  patterns  of  yellow 
perch  {Perca  flavescens).  He  suggested  that 
they  may  be  due  to  genetic  variation,  fixed 
patterns  of  response  to  environmental  condi- 
tions that  differ  between  areas,  or  overall 
generalist  adaptation  of  fish  to  historically 
varying  environmental  factors.  These  envi- 
ronmental factors  included  photic  condition, 
predation  pressure,  food  availability,  water 
clarity,  twilight  length,  and  lake  size.  Hall  et 
al.  (1979)  noted  that  a  variable  fraction  of  a 
golden  shiner  {Notemigonus  crysoleucas)  pop- 
ulation underwent  offshore  diel  migrations  on 
different  dates,  and  no  diel  separation  oc- 
curred in  their  feeding  on  littoral  and  plank- 
tonic  prey. 

Our  study  examines  several  questions 
raised  by  these  two  investigations.  Specifical- 
ly, we  focused  on  whether  or  not  the  same 
fish  species,  and  size  classes  within  those  spe- 
cies, exhibited  significantly  different  patterns 
of  diel  activity  and  association  between  dif- 
ferent but  adjacent  littoral  habitats.  Differen- 
tial patterns  of  diel  activity  and  association 
may  indicate  adaptive  behavior  of  fish  in  re- 
sponse to  a  locally  heterogeneous  en- 
vironment. 

Study  Site  and  Methods 

This  study  was  conducted  on  Utah  Lake 
(Fig.  1),  a  large,  shallow  lake  in  north  central 
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Fig.  1.   Utah  Lake  (top)  and  the  study  site  at  Goshen 
Bay  (bottom),  showing  the  two  habitat  areas. 

Utah  approximately  25  km  south  of  Salt  Lake 
City.  The  lake  has  a  surface  area  of  approx- 
imately 38,000  ha,  a  mean  depth  of  2.9  m, 
and  a  maximimi  depth  of  4.2  m.  Utah  Lake  is 
described  as  being  eutrophic,  turbid,  and 
slightly  saline  (Fuhriman  et  al.  1974).  The 
water  exhibits  a  high  sulfate  and  carbonate 
content  (Shiozawa  1975),  and  marl  is  being 


actively  deposited  in  several  shoreline  areas. 
Conductivity  levels  range  between  500  and 
1700  micromhos  (mean  1200).  Secchi  disk 
readings  are  between  12  and  50  cm  (mean  24 
cm)  (Shiozawa  and  Barnes  1977).  Water  tem- 
peratures range  from  0  C  in  winter  to  30  C 
in  summer,  with  temperatures  decreasing 
rapidly  in  the  late  fall  and  increasing  rapidly 
in  spring.  Utah  Lake  is  usually  covered  with 
10-15  cm  of  ice  from  mid-December  to  mid- 
February  (Tillman  and  Barnes  1973).  During 
ice-free  months  it  is  polymictic,  and  no  ther- 
mal stratification  occurs. 

Most  of  Utah  Lake  has  a  mud-ooze  sub- 
strate, but  many  littoral  areas  contain  sand, 
gravel,  rubble,  clay,  and  hardpan.  Rooted 
aquatic  vegetation  is  sparse,  and  algal  blooms 
occur  in  various  areas  of  the  lake,  especially 
during  late  summer. 

During  August  1980  (August  4-5,  11-12, 
18-19  and  21),  fish  were  sampled  over  24-hr 
periods  from  two  adjacent  habitat  patches 
within  the  rubble-littoral  zone  along  the  east- 
ern shore  of  Goshen  Bay.  Two  trap  nets  with 
15-m  leads  were  concurrently  placed  within 
each  habitat  zone,  and  fish  were  removed  at 
4-hr  intervals.  Specimens  from  each  pair  of 
nets  were  then  pooled  and  classified  to  spe- 
cies and  length. 

Open  and  Cover  Zones 

The  open  habitat  zone  (Fig.  1,  bottom  in- 
set), comprised  a  50-m  stretch  of  shoreline 
containing  a  large  rubble-small  boulder  sub- 
strate with  a  sand-gravel  matrix.  This  area 
was  devoid  of  rooted  macrophytes  and  had  a 
mean  depth  of  1  m  and  a  maximum  depth  of 
1.8  m.  Beyond  this  depth  the  substrate  was  a 
mud  ooze.  The  other  habitat,  the  cover  zone, 
was  located  200  m  south.  It  encompassed  a 
stretch  of  shoreline  containing  thick  reed 
growth  separated  at  intervals  by  narrow 
channels.  The  substrate  was  a  large 
rubble-small  boulder  composition,  but  it  also 
contained  a  thick  matrix  of  silt  and  mud.  The 
mean  depth  within  this  habitat  zone  was  .95 
m,  the  maximum  1  m.  Between  these  two 
areas  there  was  a  gradient  of  reed  cover.  Wa- 
ter temperature  (at  one-half  maximum  depth) 
during  the  study  was  26.5  C  in  the  open  zone 
and  23.5  C  in  the  cover  zone.  The  con- 
ductivity level  in  both  habitats  was  1450 
micromhos. 
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Trap  nets  were  placed  with  leads  and  trap 
openings  towards  shore.  In  the  open  zone 
leads  extended  to  shore  due  to  the  steep 
gradient.  In  the  cover  zone,  nets  were  placed 
in  channels  between  reed  beds,  but  because 
of  a  more  gradual  slope  the  leads  did  not  ex- 
tend to  shore. 

Results  and  Discussion 

We  assume  that  the  differences  in  the  pro- 
portion of  fish  caught  between  time  intervals 
corresponded  to  differences  in  activity  levels 
of  the  fish  (Carlander  and  Cleary  1949,  Law- 
ler  1969,  Scott  1955).  Some  fish  species  may 
detect  or  avoid  a  net  more  readily  than 
others  (Lawler  1969),  and  the  rate  at  which 
nonmigratory  fish  are  caught  reveals  their 
entire  activity  pattern,  but  the  capture  of  mi- 
gratory fish  reveals  only  the  intensity  of  their 
activity  while  in  that  area  (Carlander  and 
Cleary  1949,  Scott  1955).  The  probability  of 
capture  of  any  given  fish  species  may  change 
with  habitat,  even  if  their  activity  remains 
constant.  For  instance,  fish  feeding  in  the 
open  zone  may  utilize  a  foraging  behavior 
different  from  that  used  in  the  cover  zone 
(Ivlev  1961,  Eggers  1977).  This  influences 
their  probability  of  capture,  and  catch  rates 
in  each  habitat  may  relate  not  only  to  fish  ac- 
tivity, presence,  and  avoidance,  but  also  to 
the  pattern  and  speed  of  fish  movement  (per- 
haps a  function  of  habitat  structure).  The  use 
of  proportions  minimizes  but  does  not  elimi- 
nate this  problem  by  emphasizing  diel 
changes  in  percentages  rather  than  numbers. 

White  bass  (Morone  chrysops)  represented 
70.5%  and  carp  (Cyprinus  carpio)  24.9%  of 
the  total  catch.  By  habitat,  white  bass  ac- 
counted for  72.4%  of  all  fish  in  the  open 
zone,  and  carp  accounted  for  24.4%.  In  the 
cover  zone,  white  bass  composed  66.4%,  and 
carp  made  up  25.6%. 

Three  discrete  size  classes  of  white  bass 
were  considered.  Size  I  white  bass  (young-of- 
the-year  <  105  mm)  composed  60.5%  of  that 
species.  Size  II  white  bass  (juveniles  and  sub- 
adults,  105-205  mm)  accounted  for  16.1%, 
and  size  III  white  bass  (adults,  >  205  mm) 
represented  23.4%  of  the  catch.  Carp  showed 
two  discrete  groupings.  Size  I  carp  (young-of- 
the-year,  <  160  mm)  made  up  15.4%  of  that 
species  and  size  II  carp  (juveniles  through 


adults,  >  160  mm)  represented  84.6%.  Only 
7  carp  between  161  and  349  mm  were 
collected. 

Walleye  (Stizostedion  vitreum),  largemouth 
bass  {Micropterus  salmoides),  bluegill  (Le- 
pomis  macrochirus),  yellow  perch  {Perca  fla- 
vescens),  black  bullhead  (Ictalurus  melas), 
and  Utah  sucker  (Catostomus  ardens)  were 
also  caught,  but  collectively  accounted  for 
less  than  5%  of  the  total. 

The  fish  communities  in  both  the  cover 
and  open  zones  did  undergo  diel  changes  in 
activity.  Comparisons  within  a  designated 
fish  size  class  for  between-habitat  activity 
will  be  termed  diel  activity  patterns.  Com- 
parisons between  different  fish  size  classes  or 
species  will  be  termed  diel  association  pat- 
terns. Differences  in  diel  activity  patterns  of 
fish  between  habitat  patches  were  tested  us- 
ing the  Komolgorov-Smirnov,  two-sample 
general  distribution  test  for  discretely  or- 
dered data.  In  such  application  the  results  are 
conservative  (Gibbons  1976). 

Total  carp,  size  I  carp,  size  II  carp,  total 
white  bass,  and  size  III  white  bass  had  no  sig- 
nificant differences  in  activity  patterns  be- 
tween open  and  cover  zones  (Table  1).  How- 
ever, size  I  and  size  II  white  bass  had 
significantly  different  patterns  of  diel  activity 
between  the  open  and  cover  zones  (p  =  .01 
and  p  =  .025,  respectively).  Open  zone  size  I 
white  bass  activity  increased  from  early 
morning  (0600  hr)  to  midafternoon,  but  in 
the  cover  zone  activity  began  later  in  the 
morning  (1000  hr)  and  then  rose  to  the  mid- 
afternoon  peak.  Size  II  white  bass  peaked  in 
activity  in  the  late  afternoon  (1800  hr)  in  the 


Table  1.  Results  of  tests  for  between  habitat  differ- 
ences in  activity  patterns  of  white  bass  and  carp. 


Open 

zone  vs.  Cover  zone 

Level  of  significance 

(p-value) 

White  bass 

All  sizes 

NS 

Size  I 

.010 

Size  II 

.025 

Size  III 

NS 

Carp 

All  sizes 

NS 

Size  I 

NS 

Size  II 

NS 

NS  =  nonsignificant. 
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open  zone  but  in  the  cover  zone  activity  lev- 
els peaked  in  the  morning  (0600  hr). 

Patterns  of  diel  association  between  fish 
classes  were  tested  with  Spearman's 
coefficient  of  rank  correlation.  Total  white 
bass  vs.  total  carp  had  no  significant  diel  as- 
sociation patterns  in  either  the  open  or  cover 
zones.  White  bass  sizes  II  and  III  were  signif- 
icantly negatively  associated  with  carp  (.029 
<  p  <  .051,  Table  2)  in  the  cover  zone. 

Variation  between  sampling  days  for  both 
activity  and  association  patterns  was  exam- 
ined using  loglinear  models  in  categorical 
data  analysis.  No  significant  day  to  day  varia- 
tion in  diel  activity  patterns  existed  for  total 
white  bass  or  total  carp.  Significant  day-to- 
day variation  occurred  in  the  size  I,  II,  and 
III  white  bass.  In  particular,  day  3  was  signif- 
icantly different  (p  =  .012)  than  the  other 
days  of  the  study.  This  difference  occurred 
between  late  morning  (1000  hr)  and  early  af- 
ternoon (1400  hr).  Day  3  (August  18)  was  the 
only  stormy  day  sampled.  The  storm  repre- 
sented distinctly  different  environmental  con- 
ditions and  likely  was  the  cause  for  the  differ- 
ence in  activity  patterns  observed.  Loglinear 
analysis  of  day-to-day  variation  in  association 
patterns  between  white  bass  and  carp  also  in- 
dicated that  day  3  was  significantly  different 
within  the  cover  zone  (p  =  .011),  with  more 
size  II  and  size  III  being  present. 

Between-habitat  differences  in  diel  activity 
of  size  I  and  II  white  bass  and  in  diel  associ- 
ation of  white  bass  with  carp  may  be  caused 
by  the  following  factors:  (1)  lateral  migration 
(Emery  1973,  Keast  1978,  and  Nursall  1973), 
(2)  offshore  migration  (Baumann  and  Kitchell 
1974,  Hasler  and  Bardach  1949,  Scott  1955), 

Table  2.  Results  of  tests  for  diel  association  between 
white  bass  and  carp. 


Correlation  coefficient 
4  Day  Totals 

Open  zone 

AH  sizes  white  bass 

vs.  carp 
Size  II  and  III  white  bass 

0.100 

vs.  carp 

0.214 

Cover  zone 

All  sizes  white  bass 

vs.  carp 
Size  II  and  III  white  bass 

-0.085 

vs.  carp 

-0.786° 

significant  at  .029  <  p  <  .051 


(3)  differential  foraging  behavior  (Pyke,  Pull- 
iman,  and  Charnov  1977,  Vinyard  1980, 
Werner  and  Hall  1976,  Werner  and  Hall 
1979),  (4)  differential  patterns  of  intraspecific 
temporal  resource  partitioning  (Hobson  1968, 
Scott  and  Grossman  1973),  and  (5)  differen- 
tial patterns  of  interspecific  temporal  re- 
source partitioning  (Gollette  and  Talbot 
1972,  Helfman  1978,  Helfman  1979b). 

Lateral  Migration 

Higher  frequencies  of  size  I  white  bass 
were  caught  in  both  habitat  zones  at  1400  hr 
on  day  3  of  sampling  (August  18-19).  Activi- 
ty levels  for  size  I  white  bass  in  the  open 
zone  reach  a  peak  earlier  in  the  day  (1000  hr 
vs  1400  hr)  and  those  in  the  cover  zone  later 
(1800  hr  vs  1400  hr),  when  day  3  is  removed 
from  the  analysis.  Size  I  white  bass  in  the 
open  zone  decrease  in  activity  in  the  after- 
noon (1400  hr  to  1800  hr);  concurrently  they 
significantly  increase  their  activity  in  the 
cover  zone.  In  the  littoral  of  Goshen  Bay,  lat- 
eral migration  of  size  I  white  bass  into  the 
cover  zone  at  night  would  by  reinforced  by 
the  diel  activity  patterns  of  their  dominant 
predator,  the  walleye  (see  Helfmann  1979a, 
Werner  et  al.  1977,  viz.,  predation  and  the 
use  of  refugia  by  small  fish).  Walleye  were 
only  collected  in  the  open  zone  and  only  at 
night  and  early  morning,  with  the  majority 
being  captured  after  dark. 

Rank  correlation  between  adult  walleye 
and  size  I  white  bass  in  the  open  zone 
showed  a  significant  negative  association  by 
time  (r^  =  .017,  p  =  .029).  Size  I  white  bass 
have  high  activity  levels  during  the  day  with- 
in the  open  zone,  but  are  absent  or  inactive 
in  that  zone  at  night,  the  time  when  walleye 
are  present.  Utah  Lake  walleye  also  feed  on 
young-of-the-year  (size  I)  carp  (Arnold  1960, 
Dabb  and  Thompson  1976).  Size  I  carp,  like 
white  bass,  decrease  in  activity  at  night  with- 
in the  open  zone  as  their  activity  increases 
within  the  cover.  Rank  correlation  between 
walleye  and  size  I  carp  within  the  open  zone 
showed  no  significant  diel  association,  but 
this  is  largely  due  to  a  midday  activity  de- 
crease for  the  carp. 

Lateral  migration  may  also  occur  for  size 
II  white  bass,  but  the  pattern  is  not  con- 
clusive. Size  II  white  bass  increase  activity  in 
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the  open  zone  later  in  the  morning  and  cease 
activity  later  in  the  evening  than  the  size  1 
white  bass.  Size  II  white  bass  lengths  were 
usually  over  140  mm,  and  Utah  Lake  walleye 
seldom  select  white  bass  exceeding  120  mm 
in  length.  This  size  refuge  eliminates  pre- 
dation  constraints  imposed  on  the  predation- 
susceptible  size  I  white  bass. 

Offshore  Migration 

Hall  et  al.  (1979)  noted  that  young-of-the- 
year  golden  shiners  (Notemigonus  cryso- 
leucas)  did  not  participate  in  the  evening  off- 
shore migration  for  that  species;  however, 
Kelso  and  Ward  (1973)  showed  that  yellow 
perch  fry  {Perca  flavescens)  did  migrate  off- 
shore during  the  day.  The  gear  types  and  net 
mesh  used  in  this  study  prevented  us  from 
making  quantitative  determinations  of  off- 
shore movements  for  size  I  white  bass  (also 
see  Hasler  and  Bardach  1949,  Scott  1955, 
concerning  sampling  gear  inefficiency  on 
small  fish);  but,  based  on  the  trap  net  data,  a 
complete  offshore  migration  is  not  likely 
since  size  I  fish  numbers  do  not  drop  to  zero 
in  either  zone. 

Size  II  white  bass  undergo  both  lateral  and 
offshore  movements.  Gill  nets  set  per- 
pendicular to  shore  (to  detect  lateral  move- 
ment) were  only  slightly  lower  in  catch-per- 
unit  effort  compared  to  gill  nets  set  parallel 
to  shore  (to  detect  offshore  movement). 

Differential  Foraging  Behavior 

Zooplankton  were  dominant  prey  items  for 
size  I  white  bass  from  both  open  and  cover 
zones  (Devine,  unpublished  data;  see  also 
Dabb  and  Thompson  1976,  Trapnell  1969). 
Zooplankton  densities  were  approximately 
equal  in  both  habitat  zones  (Devine,  vmpub- 
lished  data).  Thus,  if  a  feeding  advantage  ex- 
ists in  one  habitat  zone,  it  should  relate  to 
factors  other  than  food  density.  If  size  I  white 
bass  are  more  successful  in  foraging  within 
the  open  zone,  a  morning  migration  from  the 
cover  to  the  open  zone  could  optimize  their 
food  intake  (Baumann  and  Kitchell  1974). 

Intraspecific  Resource  Partitioning 

Partial  correlation  coefficients  between 
white  bass  size  classes  were  lower  in  the  cov- 


er zone  than  the  open  zone.  Cover  zone  size 
II  white  bass  dominated  in  activity  in  the 
early  morning,  and  size  I  white  bass  domi- 
nated during  the  afternoon  and  early  eve- 
ning. Size  III  white  bass  were  most  active 
during  late  night  and  predawn  hours.  In  the 
open  zone  a  single  size  class  seldom  domi- 
nated activity.  These  differences  may  relate 
to  the  habitat  structure  of  the  two  zones.  The 
open  zone,  with  an  absence  of  reed  beds,  a 
steeper  slope,  and  a  greater  average  depth, 
provided  more  activity  volume  per  unit  of 
surface  area  than  the  cover  zone.  The  com- 
pressed activity  space  within  the  cover  zone 
may  necessitate  temporal  partitioning  of  re- 
sources by  the  three  size  classes  of  white  bass 
(see  Werner  and  Hall  1977,  viz.,  competition 
and  activity  space). 

Interspecific  Resource  Partitioning 

Size  II  and  III  white  bass  and  carp  exhib- 
ited no  association  by  time  in  the  open  zone, 
but  were  significantly  negatively  associated 
within  the  cover  zone.  Carp  had  no  signifi- 
cant difference  in  diel  activity  between  the 
two  zones.  The  white  bass  size  II  and  III  ac- 
tivity differences  may  relate  to  the  avoidance 
of  carp.  Adult  carp  are  primarily  benthic 
feeders  (Miller  et  al.  1959),  although  they  do 
surface  feed  (McCrimmon  1968).  White  bass 
are  primarily  planktonic  feeders  (McNaught 
and  Hasler  1971,  Olmstead  and  Kilambi 
1971),  but  may  forage  on  benthic  resources 
(Dabb  and  Thompson  1976,  Trapnell  1969). 
Carp  are  aggressive  feeders  (Miller  et  al. 
1959),  and  are  much  larger  than  the  white 
bass. 

In  the  cover  zone  less  activity  volume  was 
available.  White  bass  and  carp,  thus  brought 
into  closer  proximity,  would  interact  more 
intensely.  If  competition  occurred  for  space, 
white  bass  are  at  a  disadvantage  due  to  their 
smaller  size.  Other  studies  document  inter- 
ference between  fish  (Janssen  1974,  Werner 
and  Hall  1977),  but  none  mention  an  unin- 
tentional effect  due  to  size  and  feeding  be- 
havior. White  bass,  if  displaced  by  carp  in 
the  cover  zone,  could  adjust  their  behavior 
through  a  number  of  mechanisms,  including 
migration  or  movement  out  of  the  channels. 
Size  I  fish  had  an  evening  overlap,  with  carp 
in  the  cover  zone,  but  the  danger  of  walleye 
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predation  in  the  open  zone  at  this  time  may 
override  the  disadvantage  of  interacting  with 
carp  (see  Werner  et  al.  1977).  Spatial  segre- 
gation of  white  bass  and  carp  could  more  eas- 
ily occur  in  the  open  zone  because  of  the 
greater  depth. 

Conclusions 

The  patterns  of  diel  activity  and  associ- 
ation of  dominant  fish  species  and  size  classes 
in  this  littoral  community  were  different  be- 
tween habitat  zones.  Predation  forced  small 
fish  into  cover  for  protection  during  the 
night  when  the  main  predator,  the  walleye, 
was  most  active.  Different  foraging  effi- 
ciencies between  cover  and  open  zones  may 
act  to  draw  these  fish  from  the  cover  zone 
into  the  open  zone  during  the  day.  Fish  that 
were  too  large  for  predators  interacted  on 
the  basis  of  inference  competition.  Carp  with 
their  disruptive  foraging  behavior  could  dis- 
place white  bass  in  the  cover  zone  because  of 
the  restricted  space  (due  to  reeds  and  shal- 
lowness). The  open  zone  was  deeper  and 
lacked  the  narrow  horizontal  dimensions  of 
the  cover  zone.  It  allowed  spatial  segregation 
of  carp  and  white  bass,  and  therefore  no  in- 
terference displacement  occurs. 
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DISTRIBUTIONAL  RECORDS  FOR  THE  COLORADO  FLORA  II. 

D.  Wilken'  and  J.  S.  Peterson' 

Abstract.—  Eight  new  records  of  vascular  plants  indigenous  to  North  America  and  one  significant  range  extension 
are  reported  for  the  flora  of  Colorado. 


The  following  collections  document  new 
records  for  vascular  plants  as  treated  by  Har- 
rington (1954),  Weber  and  Johnston  (1976), 
and  Weber  and  Wittman  (1983).  Herbarium 
citations  follow  the  treatment  by  Holmgren 
and  Keuken  (Index  Herbariorum,  Ed.  6, 
1974).  We  thank  Noel  Holmgren  and  Rupert 
Bameby  for  their  expert  aid  in  providing 
names  for  several  of  these  collections. 

Astragalus  jejunus  S.  Watson.  Moffat  Co.: 
Vermillion  Creek,  2.3  miles  directly  E  of 
Vermillion  Creek  Gap,  TION  RIOOW  S33, 
6800  ft,  8  Jun  1983,  J.  S.  Peterson  and  K. 
Wiley-Eberle  83-141  (COLO,  CS,  RM).  This 
site  extends  the  known  distribution  south 
from  Sweetwater  Co.,  Wyoming,  and  east 
from  Summit  Co.,  Utah  (Barneby  1964, 
Welsh  and  Moore  1965). 

Astragalus  rwlsonianus  Barneby.  Moffat 
Co.:  Powder  Wash,  2  miles  E-SE  of  the  com- 
munity of  Powder  Wash,  TUN  R97W  SIO, 
6820  ft,  21  June  1983,  J.  S.  Peterson  and  D. 
H.  Wilken  83-232  (CS,  NY).  This  site  extends 
the  known  distribution  south  from  Sweet- 
water Co.,  Wyoming  (Bameby  1964). 

Collomia  grandiflora  Dougl.  ex  Lindl.  Rio 
Blanco  Co.:  0.8  mile  E-SE  of  jet  of  Cow 
Creek  and  West  Branch,  Cow  Creek,  T4S 
R94W  S18,  2340  m,  8  July  1982,  W.  Kelley 
and  S.  Sigstedt  82-87  (COLO,  CS).  Garfield 
Co.:  East  Fork,  Middle  Stuart  Gulch,  2.6 
miles  S  of  Rio  Blanco  Co.  line,  T4S  R96W 
S32,  2438  m,  12  July  1982,  R.  Popp  and  M. 
Waters  82-368  (CS).  These  collections  con- 
firm the  earlier  report  by  Graham  (1937)  of 
the  species  in  the  Piceance  Basin  and  extend 
the  known  distribution  in  Colorado  north 
from  Mesa  Verde  and  Sleeping  Ute  Mt.  in 
Montezuma  Co.  (Welsh  and  Erdman   1964; 


W.   A.   Weber,   West   Slope   Flora,   unpubl. 


ms. 


Eriogonum  acaule  Nuttall.  Moffat  Co.:  2 
miles  NE  of  confluence  of  Shell  Creek  and 
Hells  Canyon,  T12N  R99W  S21,  6820  ft,  8 
June  1983,  J.  S.  Peterson  and  A.  Deardorff 
83-131  (COLO,  CS).  SE  end  of  Cold  Springs 
Mt,  Co.  Rd.  10,  2.2  miles  NE  of  Co.  Rd.  318, 
T9N  RIOIW  S5,  6100  ft,  4  June  1979,  R. 
Hartman  and  B.  E.  Nelson  8847  (RM).  These 
sites  extend  the  known  distribution  south 
from  Sweetwater  Co.,  Wyoming. 

Gentianella  tortuosa  Jones.  Rio  Blanco 
Co.:  Cathedral  Bluffs  at  head  of  Dry  Gulch, 
T3S  R99W  S29,  2591  m,  2  September  1982, 
W.  Baker  and  T.  Naumann  82-329  (COLO, 
CS).  Cathedral  Bluffs,  3  miles  SE  of  jet  of 
Right  and  Middle  forks,  Tommys  Draw,  T3S 
RIOOW  S13,  21  July  1982,  W.  Kelley  and  T. 
Naumann  82-149  (CS).  These  sites  extend  the 
known  distribution  east  from  Grand  and  Uin- 
tah COS.,  Utah. 

Penstemon  gibbensii  R.  Dorn.  Moffat  Co.: 
Brown's  Park,  0.7  km  S  of  Sterling  Spring, 
1707  m,  20  July  1978,  J.  S.  Peterson  et  al. 
1261  (CS,  NY).  This  specimen  compares  well 
with  the  holotype  (RM)  in  all  respects  and 
represents  an  extension  south  from  the  type 
locality  in  Sweetwater  Co.,  Wyoming  (Dorn 
1982). 

Sphaeromeria  capitata  Nuttall.  Moffat 
Co.:  Vermillion  Bluffs,  3  miles  NE  of  summit 
of  Lookout  Mt.,  TUN  R98W  S30,  7600  ft,  24 
June  1983,  J.  S.  Peterson  and  D.  H.  Wilken 
83-301  (BRY,  COLO,  CS,  RM,  UTC).  This 
site    extends    the    known    distribution    south 


'Department  of  Botany  and  Plant  Pathology,  Colorado  State  University,  Fort  Collins,  Colorado  80523. 
'Colorado  Natural  Heritage  Inventory,  1550  Lincoln  Street,  Denver,  Colorado  80203. 
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from  Albany  and  Sweetwater  cos.,  Wyoming 
(Holmgren  et  al.  1976). 

Townsendia  strigosa  Nuttall.  Moffat  Co.: 
Dry  Creek,  1.5  miles  W  of  summit  of  Look- 
out Mt.,  TllN  R99W  S33,  6580  ft,  22  June 
1983,  J.  S.  Peterson  and  D.  H.  Wilken 
83-287  (CS).  This  site  extends  the  known  dis- 
tribution east  from  Uintah  Co.,  Utah  (Bea- 
man  1957). 

Trifolium  andinum  Nuttall.  Moffat  Co.: 
Vermillion  Creek  Gap,  1.5  miles  SE  of  S  en- 
trance to  Irish  Canyon,  TION  RIOIW  S35, 
6000  ft,  3  June  1983,  J.  S.  Peterson  and  A. 
Deardorff  83-91  (COLO,  CS).  This  site  ex- 
tends the  known  distribution  east  from  Dag- 
get  and  Summit  cos.,  Utah  (Welsh  1978). 
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UTAH  FLORA:  POLYGONACEAE 

Stanley  L.  Welsh' 


/■Abstract.—  The  genera  and  species  of  Polygonaceae  in  Utah  are  revised.  Descriptions  and  keys  to  taxa  are  includ- 
ed, along  with  habitat,  elevation,  and  distributional  data.  Taxonomic  problems  are  outlined  and  discussed.  Described 
as  new  is  Enooontim  brevicaiile  Nutt.  var.  promisctitim  Welsh.  New  nomenclatural  combinations  include  Eriooonum 
hatcmami  Jones  var.  eremictim  (Reveal)  Welsh  and  var.  ostlundii  (Jones)  Welsh;  E.  brevicaitle  Nutt.  var.  desertoritm 
(Maguire)  Welsh,  var.  ephedroides  (Reveal)  Welsh,  var.  loganum  (A.  Nels.)  Welsh,  var.  nantim  (Reveal)  Welsh,  and 
var.  viridithiut  (Reveal)  Welsh;  E.  conjmhosum  Benth  var.  cronquistii  (Reveal)  Welsh,  var.  Iitnnivagans  (Reveal) 
Welsh,  var.  smithii  (Reveal)  Welsh;  E.  lonchopluiUum  T.  &  G.  var.  sauriniim  (Reveal)  Welsh;  £.  niimmulare  Jones 
var.  ammopliiliiiu  (Reveal)  Welsh;  E.  racemosum  Nutt.  var.  coccineum  (J.  T.  Howell)  Welsh  and  var.  zionis  (J.  T. 
Howell)  Welsh;  E.  apathulatum  Gray  var.  nation  (Reveal)  Welsh. 


The  members  of  the  Polygonaceae,  espe- 
cially those  in  the  genera  Eriogonum,  Polyg- 
onum, and  Rumex,  have  consistently  been  re- 
garded as  taxonomically  difficult.  Flowers  are 
greatly  reduced  and  often  similar  from  taxon 
to  taxon.  They  have  been  used  to  supplement 
vegetative  characters  as  diagnostic  tools.  Of- 
ten, vegetative  features  are  inconstant,  and 
their  use  has  led  to  frustration  in  attempts  to 
identify  or  classify  members  of  this  family. 

Certainly  the  most  difficult  genus  is 
Eriogonum,  which  consists  of  both  annuals 
and  perennials.  The  annuals  are  rather  well 
marked,  even  though  distinguished  by  mi- 
nute, but  mainly  consistent,  diagnostic  fea- 
tures. The  perennials  pose  problems  due,  in 
part  at  least,  to  hybridization  and  the  tenden- 
cy of  hybrid  derivatives  to  adapt  to  special- 
ized environments,  often  limited  by  edaphic 
characteristics.  Populations  on  given  sub- 
strates are  often  relatively  uniform,  but  they 
blend  at  the  edges  into  the  parental  types. 
Some  of  the  segregates  are  sufficiently  dis- 


tinct and  geographically  correlated  as  to  war- 
rant taxonomic  recognition,  but  others  are 
not.  There  is  a  general  lack  of  consistent  di- 
agnostic features.  Use  of  single  criteria,  such 
as  stem  pubescence,  branching  of  the  in- 
florescence, or  flower  color,  leads  to  arbi- 
trarily defined  assemblages  of  specimens  that 
often  do  not  constitute  taxa.  Apparently  sim- 
ilar morphological  groupings  can  be  derived 
quite  independently. 

Not  all  groups  of  perennials  suffer  from  the 
same  problems  or  to  the  same  extent.  Eriogo- 
num alatum  stands  quite  apart  from  other 
species.  The  group  of  species  centering 
around  E.  umbellatum,  which  has  flowers 
long-attenuated  basally,  are  distinctive.  Soil 
specialists  in  the  pulvinate-caespitose, 
mound-forming  series  are  remarkably  dis- 
crete. Major  problems  occur  in  the  group  of 
acaulescent  perennials  and  shrubs. 

Thus,  attempts  at  presentation  of  a  tax- 
onomy that  is  equivalent  to  other  families  is 
difficult,    if   not    impossible.    The   taxonomy 
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must,  however,  reflect  the  reaUty  of  the  natu- 
rally occuring  poppulations.  The  attempt 
presented  herein  depicts  a  reticulum  of  inter- 
related taxa,  connected  by  series  of  inter- 
mediates. Traditional  taxonomy  is  based, 
largely,  on  a  concept  of  lineality,  where  taxa 
give  rise  to  others  through  accumulated  ge- 
netic modifiers.  The  system  of  nomenclature 
is  likewise  lineal,  with  names  ordered  to  im- 
ply descent  in  only  one  direction,  i.e.,  from 
the  next  higher  category.  Taxonomy  within 
the  woody  and  related  perennial  species  of 
Eriogonum  does  not  fit  tradition,  but  is  hard- 
ly imique.  Similar  situations  occur  in  such 
families  as  the  Chenopodiaceae  (Atriplex)  and 
Cactaceae  (Opuntia). 

Problems  are  discussed  specifically  in  the 
taxa  within  which  they  occur. 

Polygonum  consists  of  several  groups  of 
species,  some  of  which  have  been  regarded  at 
generic  rank.  The  groups  are  rather  easily  de- 
fined, and  the  species  within  each  group  are 
obviously  related.  The  most  difficult  tax- 
onomic  problems  lie  within  the  aviculare  sec- 
tion, where  taxonomic  criteria  are  not  strong- 
ly correlated.  Introduced  Old  World  species 
complicate  the  picture,  since  only  portions  of 
the  total  variation  of  the  species  are  repre- 
sented, and  application  of  names  might  be 
tentative. 

Riimex  consists  of  both  indigenous  and  in- 
troduced taxa.  Nature  of  the  inner  perianth 
segments,  the  valves,  has  been  relied  on  for 
diagnostic  features.  A  grainlike  tuberosity 
fomis  on  one  or  more  of  the  segments  in 
some  taxa,  or  is  lacking  altogether.  The  char- 
acter is  not  always  reliable.  However,  the 
taxa  are,  for  the  most  part,  distinctive.  Evi- 
dence of  intermediacy  revolves  around  those 
plants  similar  to  R.  crispus,  R.  patentia,  and 
R.  obtusifolius.  The  similar  R.  occidentalis  is 


not  always  readily  separable  from  phases  of 
that  group. 

Economic  importance  of  the  Polygonaceae 
in  Utah  is  both  positive  (rhubarb)  and  nega- 
tive (black  bindweed,  knotweed,  and  dock). 
The  members  are  of  considerable  ecological 
importance,  however.  Many  taxa  occupy  dis- 
tinctive habitats,  sometimes  as  the  principal 
component  of  the  vegetation.  Others  are  pio- 
neer species,  capable  of  occupying  a  large 
number  of  habitats.  Two  species  are  grown 
routinely  as  ornamentals,  Pohjgoniim  au- 
bertii,  a  twining  vine,  and  P.  ctispidatum,  a 
large  shrublike,  herbaceous  perennial.  Some 
of  the  eriogonums  are  beautiful  and  show  po- 
tential for  use  as  ornamentals.  Others  should 
be  investigated  for  reclamation  potential. 
Possible  use  in  rehabilitation  is  suggested  by 
their  occupation  of  harsh  substrates  such  as 
those  associated  with  coal-bearing  strata. 
Cultural  criteria  require  investigation.  Rti- 
tnex  crispus  is  lauded  by  herbalists  as  a 
curative. 

The  family  is  large  by  Utah  standards,  with 
87  species  and  27  varieties,  or  a  total  of  114 
taxa  in  6  genera.  The  largest  genus  is  Eriogo- 
num, with  55  species  and  26  varieties,  or  a 
total  of  81  taxa.  This  study  is  based  on  exam- 
ination of  3480  specimens,  with  551  (15.8%) 
of  them  collected  by  me. 

Polygonaceae 

Annual  or  perennial  herbs,  subshrubs, 
shrubs,  or  twining  vines;  leaves  simple,  alter- 
nate, opposite,  or  whorled;  stipules  forming  a 
sheath  (ocrea)  or  absent;  flowers  perfect  or 
polygamo-dioecious,  regular;  perianth  2-  to 
6-parted  or  -cleft;  stamens  2-9;  styles  2  or  3; 
ovary  superior,  1-loculed,  1-ovuled;  fruit  an 
achene. 


1.  Sheathing  stipules  lacking;  flowers  subtended  by  a  campanulate,  obconic,  or 

cylindric  involucre,  or  by  a  folded,  2-toothed  bract 2 

—  Sheathing  stipules  present;   flowers  not  subtended  by  an  involucre  or  with 

a  folded,  2-toothed  bract  5 

2(1).  Flowers  solitary,  subtended  by  a  single,  folded,  2-toothed  bract,  this  accrescent 
and  prominently  veined  in  fruit;  plants  slender,  broad-leaved  annuals,  known 
from  Washington  County Pterostegia 

—  Flowers  solitary  (in  Chorizanthe)  or  several,  arising  from  a  campanulate, 
obconic,  or  cylindric  involucre;  plants  various,  but  not  as  above 3 
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3(2).         Involucres  with    lobes   or   teeth   not   spiny;   bracts   unarmed;    plants   annual, 

perennial,  or  shrubby Eriogonum 

—  bivolucres  and  bracts  armed  with  spines;  plants  annual 4 

4(3).         Involucres  with  2  or  more  flowers,  the  lobes  tipped  with  straight  spines  or 

bristles;  main  bracts  of  inflorescence  connate-perfoliate,  disklike  Oxytheca 

—  Involucres  usually  with  one  flower,  the  lobes  tipped  with  hooked  or  straight 
spines;  bracts  not  both  perfoliate  and  disklike  Chorizanthe 

5(1).         Leaves  all  basal,  the  blades  reniform;  sepals  4;  styles  2;  plants  of  high 

elevations  Oxyria 

—  Leaves  cauline  or  basal,  but,  if  basal,  the  blades  not  reniform  and  plants  not  or 
seldom  of  high  elevations;  sepals  5  or  6;  styles  2  or  3;  plants  variously 
distributed  6 

6(5).         Sepals  5  (rarely  4),  all  similar  and  erect  in  fruit  Polygonum 

—  Sepals  6,  in  2  sets,  the  inner  ones  erect  and  winged  in  fruit,  or  the  wings  from 

the  achenes,  the  outer  sepals  reflexed  and  often  smaller  7 

7(6).         Stipular  sheathes  large  and  prominent;  stamens  8-10;  leaf  blades  ovate  to 

orbicular;  plants  cultivated  and  persisting  Rheum 

—  Stipular  sheaths  not  prominent,  evanescent;  stamens  6;  leaf  blades  narrower; 
plants  indigenous  or  adventive,  not  cultivated  Rumex 


Chorizanthe  R.  Br.  ex  Benth.  mostly  1-flowered,  3-  to  6-angled  or  -ribbed 

Annual  herbs;  stems  more  or  less  dichoto-  and  3-   to   6-toothed   or   -cleft,   the   teeth 

mously  branched  or  simple;  leaves  basal  or  spreading,  armed  with  straight  or  recurved 

cauline  and  alternate,  entire,  the  upper  ones  awns;  flowers  pedicellate  or  subsessile;  bract- 

often  reduced  to  opposite  or  whorled  bracts;  lets  lacking;  perianth  6-parted  or  -cleft;  sta- 

inflorescence  cymose  or  capitate;  involucres  mens  3-9;  styles  3;   achenes  glabrous,  3- 

sessile,  cylindric  to  urn  shaped  or  fvmnelform,  angled. 

1.  Foliar  bracts  3-lobed;  involucres  with  3,  broad,  horizontally  spreading,  saccate 

horns  at  the  base C.  thurberi 

—  Foliar  bracts  entire;  involucres  not  horned  at  the  base 2 

2(1).  Involucres  6-ribbed,  the  6  teeth  sparingly  recurved  apically,  less  than  2  mm 
long;  stems  very  brittle  and  soon  falling  apart;  foliage  leaves  all  basal;  stem 
leaves  reduced  to  subulate  bracts  C.  brevicornu 

—  Involucres  3-angled,  the  3  teeth  straight,  more  than  5  mm  long;  stems  not 
brittle  (the  plants  persisting  and  burlike);  stems  with  some  foliar  leaves  like  the 
basal  ones  C.  rigida 

Chorizanthe  brevicornu  Torr.  Short  Spine-  ers  3-4  mm  long,  glabrous,  the  perianth  lobes 

flower.    Plants    erect    or    ascending,    mainly  whitish,  subequal;  stamens  3;  achenes  ca  2 

5-28  cm  tall;  stems  usually  several  from  the  mm    long.    Creosote   bush,   blackbrush,    and 

base,  strigulose,  breaking  at  the  nodes  when  other  warm   and  salt  desert  shrub  commu- 

dry;  leaves  mostly  basal,  1-6  ,cm  long,  2-8  nities  at  760  to  1220  m  in  Grand,  Kane,  San 

mm  wide,  narrowly  oblanceolate,  reduced  to  Juan,  and  Washington  counties;  Nevada,  Ari- 

opposite  bracts  upward;  involucres  solitary  in  zona,  and  California;  14  (iv). 
axils  of  branches,  subcylindric,  conspicuously  Chorizanthe  rigida  (Torr.)  T.  &  G.  Rigid 

6-ridged,  straight  or  curved,  ca  4  mm  long,  Spine-flower.      [Acanthogonium      rigidum 

the  lobes  with  recurved  spinose  teeth;  flow-  Torr.].  Plants  erect,  mainly  2-9  cm  tall; 
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Stems  simple,  obscured  by  bracts  and  leaf 
bases;  main  leaves  long-petiolate,  the  blades 
0.8-2  cm  long  and  about  as  broad,  oval  to  or- 
bicular or  obovate,  woolly  beneath,  green 
and  sparingly  tomentose  above;  secondary 
leaves  bracteate,  lanceolate  to  subulate, 
spine-tipped,  indurate  and  thorny  at  matu- 
rity; inflorescence  dense,  with  involucres 
clustered  in  bract  axils;  tube  of  involucre  ca  2 
mm  long,  3-angled,  with  3  broad,  spreading, 
unequal,  straight,  spine-tipped  lobes  4-12 
mm  long;  perianth  yellowish,  almost  includ- 
ed; stamens  9;  achenes  ovoid,  prominently 
beaked,  ca  2  mm  long.  Creosote  bush,  Joshua 
tree,  and  other  warm  desert  shrub  commu- 
nities at  760  to  1130  m  in  Washington  Coun- 
ty; Arizona,  Nevada,  California,  and  Mexico; 
8(i). 

Chorizanthe  thurberi  (Gray)  Wats.  Thur- 
ber  Spine-flower.  [Centrostegia  thurberi 
Gray].  Plants  erect,  usually  simple  from  the 
basal  rosette  and  typically  dichotomously 
branched  upward,  4-16  cm  tall;  basal  leaves 
4-30  mm  long,  3-6  mm  wide,  spatulate,  sub- 
glabrous;  foliar  bracts  3-lobed,  spine-tipped, 
2-4  mm  long;  involucres  solitary,  borne  in 
branch  axils,  4-6  mm  long,  5-toothed  api- 
cally,  the  teeth  armed  with  straight  spines,  3- 
angled  and  with  3  saccate,  spinose  horns  near 
the  base;  perianth  included,  pubescent;  sta- 
mens 6  or  9;  achenes  ca  1.5  mm  long.  Creo- 
sote bush,  blackbnish,  mountain  brush,  and 
pinyon-juniper  communities  at  850  to  1700 
m  in  Garfield  (?),  Kane,  and  Washington 
coimties;  Arizona,  Nevada,  and  California;  12 
(i).  The  report  for  Garfield  County  is  based 
on  a  specimen  collected  "40  miles  south  of 
Boulder,  in  creosote  bush,"  and  might  be 
mislabeled. 


Eriogonum  Michx. 

Annual  or  perennial  herbs,  subshrubs,  or 
shrubs;  leaves  basal  or  cauline  and  alternate, 
or  with  scalelike  to  foliaceous  alternate  or 
whorled  bracts,  entire,  estipulate;  flowers 
perfect  or  imperfect,  borne  in  campanulate, 
obconic,  or  cylindric  involucres;  involucres  4- 
to  10-lobed  or  -toothed,  or  rarely  in  2  whorls 
or  3  more  or  less  distinct  bracts,  awnless,  few 
to  many  flowered,  sessile  or  stipitate;  peri- 
anth petaloid,  6-segmented,  in  2  series;  flow- 
ers pedicellate,  subsessile,  or  the  base  attenu- 
ated and  stipelike;  stamens  9,  the  filaments 
filiform;  ovary  1-loculed,  with  3  styles  and 
capitate  stigmas;  achenes  3-angled  or  - 
winged.  Note:  This  is  a  dual  genus,  consisting 
of  annual  species  distinguished  by  minute  di- 
agnostic characteristics,  and  of  perennial 
herbs,  subshrubs,  and  shrubs  that  are  con- 
nected through  series  of  intermediates  that 
defy  segregation  and  construction  of  keys 
based  on  characters  similar  to  those  used  in 
the  annual  species.  Taxonomic  problems  are 
not  easily  resolved,  and  the  approach  pres- 
ented below  is  only  tentative. 

Reveal,  J.  L.  1967.  Notes  on  Eriogoniiui—'V.  A  revision 
of  the  Eriogonum  roit/uilfosiiiii  complex.  Great 
Basin  Nat.  27:183-220.' 

1969.  A  revision  of  the  genus  Eriogonum  (Polyg- 

onaceae).  Unpublished  dissertation.  Brigham 
Young  Univ.  546  p. 

1973.  Eriogonum  (Polygonaceae)  of  Utah.  Phyto- 

logia  25:169-217. 

Reveal,  J.  L.,  and  B.  J.  Ertter.  1976.  Reestablishnient 
of  Stenogonum  Nutt.  (Polygonaceae).  Great  Basin 
Nat.  .36:272-280. 

Hess,  W.  J.  and  J.  L.  Reveal.  1976.  A  revision  of  Eriogo- 
num (Polygonaceae),  Subgenus  Pterogonimi. 
Great  Basin  Nat.  36:281-333. 


1.  Plants  annual  (except  in  some  E.  inflotum,  q.v.),  from  slender  taproots  Key  I 

—  Plants  perennial  herbs,  subshrubs,  or  shrubs 2 

2(1).         Plants  definitely  shrubby,  the  stems  developed  above  ground  level  and  with  1 

to  several  elongated  internodes Key  II 

—  Plants  acaulescent,  or,  if  caulescent,  the  stems  prostrate  at  ground  level  or  the 
internodes  very  short  and  obscured  by  a  tomentum 3 

3(2).         Flowers  with  attenuated,  stipelike  bases;  yellow  to  reddish  yellow  or  cream; 

plants  often  with  prostrate-spreading  stems  Key  III 

—  Flowers  not  with  stipelike  bases,  variously  colored;  plants  seldom  with 
prostrate-spreading  stems  4 
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4(3).  Plants  pulvinate-caespitose,  mound  forming;  inflorescences  mainly  0.5-5  cm 

tall;  leaves  less  than  1  cm  long  Key  IV 

—  Plants  not  simultaneously  pulvinate-caespitose,  mound  forming,  less  than  5  cm 

tall,  and  with  leaves  less  than  1  cm  long Key  V 

Key  I 

Plants  annual  (except  in  some  £.  inflatum). 

1.  Involucres  angled  to  strongly  ribbed,  usually  tightly  appressed  vertically  to  the 

stems  and  always  sessile  2 

—  Involucres  smooth,  not  ribbed  or  angled,  usually  stipitate,  or,  if  sessile,  not 
vertically  appressed  to  the  stems 9 

2(1).         Leaves  puberulent  to  villous  beneath,  but  not  tomentose  3 

—  Leaves  tomentose,  at  least  beneath  5 

3(2).  Cauline  leaves  more  or  less  bracteate,  the  blades  not  well  developed,  soft- 
hairy;  involucres  4-lobed;  flowers  white,  suffused  with  red,  glabrous  or 
sometimes  hispidulous,  1-1.8  mm  long;  plants  of  southwestern  Utah  ....  E.  puberulum 

—  Cauline  leaves  with  well-developed  blades,  variously  hairy;  involucres  5-lobed; 
flowers  variously  colored,  1.5-2  mm  long;  distribution  various  4 

4(3).         Outer  perianth  segments  broadly  obovoid,  hooded,  markedly  ciliate,  otherwise 

glabrous;  plants  of  Kane  and  San  Juan  counties  E.  darrovii 

—  Outer  perianth  segments  oblong  to  ovate,  not  hooded  or  markedly  ciliate, 
otherwise  hispidulous  and  more  or  less  glandular;  plants  of  central  and  eastern 
Utah  E.  divaricatum 

5(2).  Foliage  leaves  cauline  and  basal;  plants  of  Kane  and  Washington  counties 

E.  polycladon 

—  Foliage  leaves  all  basal;  plants  variously  distributed 6 

6(5).  Stems  tomentose  to  floccose-tomentose 7 

—  Stems  glabrous  8 

7(6).  Flowers  yellow  to  red,  the  outer  perianth  segments  broadly  obovate  ...  E.  nidularium 

—  Flowers  white,  the  outer  segments  narrowly  obovate  E.  pahnerianiityi 

8(6).         Involucres  3-5  mm  long;  achenes  ca  2  mm  long;  plants  of  Washington 

County E.  davidsonii 

—  Involucres  1-2.5  mm  long;  achenes  ca  1  mm  long;  plants  of  Beaver  County  

E.  baileyi 

9(1).         Leaves  glabrous  or  variously  pubescent  but  not  tomentose  or  lanate,  even  on 

the  lower  blade  surface 10 

—  Leaves  tomentose  to  lanate  on  the  lower  blade  surface,  at  least 15 

10(9).       Involucres  in  2  whorls,  each  whorl  3-lobed 11 

—  Involucre  consisting  of  a  single  whorl,  this  usually  4-  or  5-lobed 12 

11(10).     Foliage  leaves  all  basal;  peduncles  abruptly  bent  above  the  middle  E.  flexiim 

—  Foliage  leaves  both  cauline  and  basal;  peduncles  straight  or  gently  curved  

E.  salsiiginosiim 

12(10).     Stems  usually  strongly  inflated;  plants  of  broad  distribution,  annual  or 

perennial  E.  inflatum 

—  Stems  not  inflated  (except  in  some  E.  trichopes,  q.v.);  plants  annual,  of  various 
distribution  13 
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13(12).     Flowers  glabrous,  white,  fading  yellowish;  plants  of  eastern  Utah  E.  gordonii 

—  Flowers  hairy,  yellowish  or  reddish;  plants  of  western  and  southwestern  Utah  14 

14(13).     Branches   of   inflorescence    with    stipitate,    usually    purplish    glands;    flowers 

densely  villous;  involucres  5-lobed;  plants  of  western  Utah E.  howeUianiim 

—  Branches  of  inflorescence  not  glandular;  involucres  4-lobed;  plants  of 
Washington  County E.  trichopes 

15(9).       Foliage  leaves  both  cauline  and  basal  16 

—  Foliage  leaves  all  basal  (except  in  some  E.  cernuum,  q.v.)  17 

16(15).     Flowers  glabrous,  yellow,  the  outer  perianth  segments  cordate-ovate;  leaves 

linear  to  narrowly  oblanceolate  E.  pharnaceoides 

—  Flowers  minutely  glandular-puberulent,  white  to  yellowish  or  pink,  the  outer 
segments  oval;  leaves  obovate  to  lanceolate  E.  maculatum 

17(15).     Involucres  minute,  0.3-1  mm  long 18 

—  Involucres  1-3  mm  long  20 

18(17).     Flowers  yellow,  soon  suffused  with  red,  glabrous;  plants  of  southeastern  Utah  ... 

E.  wetherillii 

—  Flowers  white  to  pink  or  yellow,  hairy  or  glabrous;  plants  of  southwestern 
Utah 19 

19(18).     Flowers  yellow;  outer  perianth  lobes  with  saccate-dilated  bases,  pubescent  

E.  thomasii 

—  Flowers  white  to  pink;  outer  perianth  lobes  not  swollen  at  the  base,  pubescent 

or  glabrous E.  subrenifonne 

20(17).     Branches   of   inflorescence    or   stipes   with   dark,    stipitate   glands;    plants   of 

Washington  County  E.  brochypodum 

—  Branches  of  inflorescence  or  stipes  glabrous  (or  tomentulose),  or  if  stipes 
glandular  (as  in  E.  nutans),  not  of  Washington  County 21 

21(20).     Involucres   and   flowers   puberulent   and   more   or   less   glandular;   plants   of 

Washington  County E.  pitsillum 

—  Involucres  and  flowers  glabrous  (or  tomentulose);  plants  variously  distributed  22 

22(21).  Branches  of  inflorescence  more  or  less  tomentose  (at  least  when  young)  and 
glandular;  leaf  margins  conspicuovisly  undulate-crisped;  plants  of  eastern  Utah  . 
E.  scabrellian 

—  Branches  of  inflorescence  glabrous;  leaf  margins  not  especially  undulate;  plants 
variously  distributed 23 

23(22).     Outer  perianth  segments  merely  truncate  to  obtuse  basally;  involucres  usually 

stipitate 24 

—  Outer  perianth  segments  cordate  at  the  base;  involucres  usually  sessile  25 

24(23).  Stipes  glabrous;  outer  perianth  segments  violin  shaped,  constricted  below  the 
middle,  the  margins  undulate,  more  or  less  saccate  below;  plants  common  and 
widespread E.  cernuum 

—  Stipes  stipitate-glandular;  outer  segments  obovate,  not  constricted  below  the 
middle,  the  margins  not  especially  saccate;  plants  uncommon  E.  nutans 

25(23).     Involucres  erect  on  branches  of  inflorescence;  plants  of  Iron  and  Washington 

counties  E.  insigne 

—  Involucres  deflexed  on  branches  of  inflorescence;  plants  of  various  distribution  26 
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26(25).     Involucres  broadly  campanulate,  broader  than  long;  flowers  yellow  to  reddish 

yellow;  plants  widespread E.  hookeri 

—  Involucres  obconic,  somewhat  longer  than  broad;  flowers  white  to  pink;  plants 

of  western  and  southern  Utah  E.  deflexum 

Key  II 

Plants  deflnitely  shrubby. 

1.  Flowers  pubescent,  white  to  pink;  leaves  fascicled  in  at  least  some  axils;  plants 

of  Washington  County  E.  fascictilatum 

—  Flowers  glabrous,  variously  colored;  leaves  fascicled  or  not;  plants  variously 
distributed  2 

2(1).  Stems  angled  or  ribbed  and  more  or  less  grooved,  or  conspicuously  flexuous; 

plants  of  Washington  County  3 

—  Stems  rounded  or  terete  and  not  especially,  if  at  all,  flexuous;  plants  variously 
distributed  4 

3(2).         Stems  both  flexuous  and  grooved,  usually  glabrous;  involucres  0.7-1.5  mm 

long E.  heermannii 

—  Stems  flexuous,  almost  terete,  tomentose;  involucres  2-2.5  mm  long;  plants  not 
known  in  contemporary  collections  from  Utah  [E.  palmeri  Wats.,  type  from 
Washington  County]  E.  plumatella  Dur.  &  Hilg. 

4(3).         Plants  completely  glabrous;  plants  of  Emery  and  Wayne  counties  E.  corymbosum 

—  Plants  pubescent  or  tomentose,  variously  distributed  5 

5(4).         Leaves  oval  to  oblong  or  elliptic,  mostly  less  than  3  times  longer  than  broad  6 

—  Leaves  linear  to  narrowly  oblong  or  narrowly  elliptic,  mostly  5-10  times 
longer  than  broad  9 

6(5).  Flowers  not  much  exserted  from  the  involucres;  leaves  typically  densely  to- 
mentose on  both  surfaces;  plants  mainly  of  the  Great  Basin  and  western  Kane 
and  eastern  Washington  counties E.  nwnmulare 

—  Flowers  conspicuously  exserted  from  the  involucres;  leaves  often  only  thinly 
tomentose  above;  plants  of  broad  distribution 7 

7(6).  Inflorescences  ca  half  as  long  as  plant  height,  about  equaling  the  leafy  portion 
of  current  annual  growth;  involucres  racemosely  arranged;  plants  of  Washington 
County  E.  wrightii 

—  Inflorescences  usually  much  less  than  one-forth  the  plant  height;  plants  variously 
distributed  8 

8(7).  Leaf  apices  acute,  the  blades  mostly  elliptic  and  more  or  less  revolute,  mainly 

less  than  8  mm  wide;  plants  widespread E.  microthecum 

—  Leaf  apices  typically  rounded,  the  blades  orbicular  to  oblong  or  ovate  to 
obovate,  seldom,  if  at  all,  revolute,  mainly  more  than  8  mm  wide  E.  corymbosum 

9(5).         Leaves  flat,  slightly,  if  at  all,  revolute 10 

—  Leaves  revolute,  the  lower  surface  largely  obscured  by  revolute  margins 12 

10(9).       Plants  semishrubby  only;  stems  of  current  growth  dying  to  plant  base  ...  E.  brevicaiile 

—  Plants  definitely  shrubby;  stems  of  current  growth  not  dying  to  plant  base  each 
year  11 

11(10).     Leaves  with  margins  at  least  somewhat  revolute;  plants  broadly  distributed 

E.  corymbosum 

—  Leaves  mainly  flat;  plants  of  northern  Uintah  County  E.  lonchophyllum 
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12(9).       Inflorescences  mainly  8-20  cm  long  or  more;  involucres  racemose;  plants  of 

sandy  tracts  in  the  Navajo  Basin E.  leptocladon 

—  Inflorescences    mainly    1-6    cm    high;    involucres    cymose;    plants    variously 
distributed,  but  usually  not  in  deep  sand 13 

13(12).     Plants  low,  mat  forming;  flowers  bicolored,  pink  and  white  E.  bicolor 

—  Plants  low  to  tall,  but  not  mat  forming;  flowers  white,  pink,  reddish,  or  yellow  14 

14(13).     Flowers  yellow;  plants  of  clay  and  silt  substrates  in  eastern  Grand  County  

E.  contortum 

—  Flowers  white,  pink,  or  reddish;  plants  variously  distributed  15 

15(14).     Leaf  axils  (at  least  some)  with  fascicled  leaves;  plants  of  San  Juan  County 

E.  clavellatum 

—  Leaf  axils  seldom  with  fascicled  leaves  (if  ever);  plants  of  various  distribution 16 

16(15).     Leaves  mainly  3-7  cm  long;  involucres  clustered  on  inflorescence  branch  tips; 

plants  of  Duchesne  County,  and  sometimes  elsewhere  E.  conjmhosum 

—  Leaves  mainly  0.8-3  cm  long;  involucres  not  clustered;  plants  widespread  

E.  microtheciim 

Key  III 

Flowers  with  attenuated,  stipelike  bases. 

1.  Stems  with  whorled,  foliose  bracts  near  the  middle;  plants  of  northern  Utah  

E.  heracleoides 

—  Stems  lacking  whorled  bracteate  leaves,  or  these  closely  subtending  the  plants 
inflorescences;  variously  distributed 2 

2(3).         Flowers  glabrous  E.  umhellatum 

—  Flowers  hairy  3 

3(2).  Stems  with  whorled  bracteate  leaves  subtending  the  umbellate  inflorescence; 

involucres  to  6  mm  wide  or  more  E.  jamesii 

—  Stems  lacking  whorled  bracteate  leaves  subtending  the  capitate  inflorescence; 
involucres  to  3  mm  wide  E.  caespitosum 

Key  IV 

Plants  pulvinate  caespitose,  mound  forming; 
inflorescences  less  than  5  cm  tall  and  leaves  less  than  1  cm  long. 

1.  Leaf  blades  oval,  almost  or  quite  as  broad  as  long  E.  ovalifoliwn 

—  Leaf  blades  longer  than  broad  2 

2(1).         Scapes,  if  present,  glabrous;  plants  of  central  and  south  central  Utah  .  E.  panguicense 

—  Scapes,  if  present,  tomentose;  plants  of  various  distribution 3 

3(2).         Flowers  glabrous,  2-3  mm  long;  plants  of  San  Francisco  Range E.  sorediuni 

—  Flowers  hairy,  mainly  2-4  mm  long;  distribution  various  4 

4(3).         Ovaries  and  achenes   pubescent;   flowers  white   or  yellow;   plants  of  lower 

elevations  in  Great  Basin  and  in  eastern  Utah  E.  shockleyi 

—  Ovaries  and  achenes  glabrous;  flowers  yellow,  white,  or  pink;  plants  variously 
distributed  5 
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5(4).         Heads  10-15  mm  wide,  usually  evidently  pedunculate,  and  definitely  bracteate; 

plants  mainly  of  the  Great  Basin  E.  villiflonim 

—  Heads  less  than  10  mm  wide,  usually  sessile  and  not  evidently  bracteate;  plants 

of  eastern  and  south  central  Utah  5 

6(5).         Flowers  white  to  rose,  3.5-4  mm  long;   involucres  6-  to  8-lobed;   plants  of 

eastern  Utah  E.  tumulosum 

—  Flowers  yellow  1.8-2.5  mm  long;  involucre  4-lobed;  plants  of  Garfield 
County  E.  aretioides 

Key  V 

Plants  herbaceous  perennials  with  leaves  more  than  1  cm  long 

and  with  stems  or  scapes  more  than  5  cm  tall. 

1.  Caudex  branches  or  root  crown  1-2.5  cm  thick,  clothed  with  persistent  leaf 
bases,  these  with  persistent,  coarse,  villous-pilose  hairs;  plants  wandlike, 
mainly  3-12  dm  tall E.  alattim 

—  Caudex  branches  or  root  crown  less  than  1  cm  thick,  or,  if  thicker,  not 
villous-pilose 2 

2(1).         Inflorescence  racemose  or  paniculate,  the  involucres  spaced  along  elongate, 

erect  branches  E.  racemosiim 

—  Inflorescence  cymose,  the  involucres  clustered  on  short,  spreading  branches  3 

3(2).  Leaf  blades  all  oval  to  orbicular  and  about  as  broad  as  long;  inflorescence 
branching  or  capitate,  but  if  the  latter  the  inflorescence  mostly  15-30  mm 
wide 4 

—  Leaf  blades,  at  least  some,  much  longer  than  broad,  or,  if  as  above,  the 
inflorescence  capitate  and  5-14  mm  wide  5 

4(3).         Involucres  capitate;  flowers  white,  pink,  or  yellow;  plants  widespread  E.  ovolifoliiim 

—  Involucres  borne  in  open  cymes;  flowers  white  or  pink;  plants  of  central  to 
western  Utah  E.  batemanii 

5(3).         Plants  strictly  acaulescent  above  caudex  branches 6 

—  Plants  short-caulescent,  the  internodes  apparent,  though  short  and  obscured  by 
dense  tomentosum,  or,  if  acaulescent,  the  inflorescence  branched  7 

6(5).         Scapes  glabrous;  flowers  white;  plants  mainly  of  southern  highlands  ..  E.  panguicense 

—  Scapes  tomentose;  flowers  white,  pink,  cream,  or  yellow E.  brevicaule 

7(6).         Scapes  or  peduncles  pubescent,  or,  if  glabrous  (as  in  some  E.  spathulatum),  the 

plants  of  Beaver  County  8 

—  Scapes  or  peduncles  glabrous;  plants  variously  distributed 9 

8(7).         Involucres  capitate;  plants  of  northern  Utah  E.  brevicaule 

—  Involucres  in  branching  cymes  or  subcapitate;  plants  of  central  and  western 
Utah  E.  spathulatum 

9(7).         Flowers  yellow;  involucres  not  in  capitate  clusters;  leaves  linear  to  lanceolate 

or  oblanceolate  E.  brevicaule 

—  Flowers  white  or  pink;  leaves  oblong  to  elliptic  or  ovate-lanceolate  10 

10(9).       Leaves  broadly  elliptic  to  ovate-lanceolate,  the  blades  usually  less  than  3  times 

longer  than  broad  E.  batemanii 

—  Leaves  narrowly  elliptic,  commonly  5-8  times  longer  than  broad  ..  E.  lonchophyllum 
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Eriogonum  aUitum  Torr.  in  Sitgr.  Winged 
Buckwheat.  [E.  triste  Wats.,  type  from  Kane 
County;  E.  alotitm  ssp.  triste  (Wats.)  Stokes]. 
Perennial  herbs,  mainly  3-12  dm  tall,  from  a 
taproot  and  thick  rootcrown,  this  1-3  cm 
thick  or  more  and  clothed  with  persistent, 
coarsely  villous  pilose  leaf  bases,  the  pith 
chambered;  leaves  mainly  3-12  (20)  cm  long, 
3-15  mm  wide,  narrowly  oblanceolate  to  lan- 
ceolate, strigose  on  one  or  both  surfaces; 
cauline  leaves  reduced  upward;  inflorescence 
cymose-paniculate;  stipes  erect,  3-20  mm 
long;  involucres  obconic  to  campanulate, 
2-4.5  mm  long,  pilosulose  to  glabrous,  5- 
lobed;  perianth  yellowish  to  greenish,  1.5-2.8 
mm  long,  the  segments  oblong,  united  to 
about  the  middle;  achenes  5-9  mm  long,  3-6 
mm  wide,  glabrous,  3-winged  the  entire 
length.  Sagebrush,  mixed  desert  shrub, 
pinyon-jmiiper,  and  mountain  brush  commu- 
nities at  1155  to  2685  m  in  Carbon,  Daggett, 
Dvichesne,  Emery,  Garfield,  Grand,  Kane, 
San  Juan,  Sevier,  Uintah,  Wasatch,  and 
Wayne  counties;  Wyoming  to  Nebraska, 
south  to  Arizona,  New  Mexico,  Texas,  and 
Mexico;  66  (x). 

Eriogonum  aretioides  Barneby  Widtsoe 
Buckwheat.  Pulvinate-caespitose,  mound- 
forming,  herbaceous  perennials  from  a  plu- 
ricipital  caudex  and  woody  taproot,  the  cau- 
dex  branches  mainly  20-50  the  taproot 
clothed  with  shreddy  castaneous  to  blackish 
bark;  leaves  1-3.5  mm  long,  0.8-1.2  mm 
wide,  oblanceolate  in  outline,  revolute,  the 
lower  surface  obscured,  white-pilose,  sessile; 
inflorescence  of  solitary,  sessile  involucres, 
not  borne  above  the  rosettes,  these  cam- 
panulate, 2.8-3.2  mm  long,  2-4  mm  wide, 
villous,  4-lobed;  flowers  yellow,  2-2.2  mm 
long,  pilose,  the  segments  lance-ovoid;  ach- 


enes brown,  ca  2  mm  long,  glabrous.  Bristle- 
cone  pine,  ponderosa  pine,  Douglas  fir,  and 
Rocky  Mountain  juniper  communities,  on  the 
Pink  Limestone  Member  of  the  Wasatch  For- 
mation, at  2255  to  2655  m  in  Garfield  (type 
from  near  Widtsoe)  County;  endemic;  5  (0). 

Eriogonum  baileyi  Wats.  Bailey  Buck- 
wheat. Annual  herbs,  mainly  10-30  cm  tall; 
leaves  all  basal;  blades  orbicular  or  obovate, 
mainly  5-20  mm  long  and  about  as  broad,  to- 
mentose  on  one  or  both  sides;  petioles  5-30 
mm  long;  inflorescences  much-branched, 
spreading;  involucres  sessile,  subcylindric, 
1.5-2.5  mm  long,  5-lobed,  glabrous,  vertical- 
ly appressed;  flowers  white  to  pink,  1.5-2 
mm  long,  glabrous,  the  outer  segments  ob- 
long to  obovate,  slightly  constricted  near  the 
middle,  the  inner  segments  narrower; 
achenes  brown,  ca  1  mm  long.  Sagebrush- 
rabbitbrush  and  mountain  mahogany  commu- 
nities at  1830  to  2200  m  in  Beaver  County; 
Oregon  and  Idaho,  south  to  Nevada  and  Cali- 
fornia; 2  (ii). 

Eriogonum  batemanii  Jones  Bateman 
Buckwheat.  Perennial  herbs,  mainly  10-45 
cm  tall;  leaves  all  basal;  blades  1-3.5  cm 
long,  5-16  mm  wide,  oval,  orbicular,  elliptic, 
or  lance-oblong,  tomentose  on  one  or  both 
surfaces,  flat  marginally,  obtuse  to  rounded 
apically;  petioles  8-25  mm  long;  in- 
florescences usually  glabrous,  open,  cymose- 
paniculate,  the  branches  spreading-ascend- 
ing;  involucres  sessile,  clustered  or  solitary, 
narrowly  campanulate  or  obconic,  2-4  mm 
long,  with  5,  hyaline,  rounded  lobes;  flowers 
white,  1.5-2.8  mm  long,  glabrous,  the  outer 
segments  obovate,  the  inner  ones  slightly  nar- 
rower; achenes  brown,  2.5-3  mm  long.  Three 
rather  weak  but  geographically  correlated 
varieties  occur  in  Utah. 


1.  Leaf  blades  mainly  2-3  times  longer  than  broad;  plants  of  eastern  Utah 

E.  batemanii  var.  batemanii 

—  Leaf  blades  about  as  broad  as  long;  plants  of  western  and  central  Utah  2 

2(1).         Involucres  capitate,  mainly  2-5,  terminating  long  naked  branches;  plants  of 

western  Millard  and  Beaver  counties E.  batemanii  var.  eremicurn 

—  Involucres  cymose,  mainly  1-5  in  branching  terminal  cymes  on  rather  short 
branches;  plants  of  Piute  and  Sevier  counties  E.  batemanii  var.  ostlundii 


Var,  bateTuanii  Mixed  desert  shrub  and 
pinyon-juniper  commimities  at  1615  to  2515 
m  in  Carbon  (type  from  Price  Valley),  Du- 


chesne, Emery,  Garfield,  and  Uintah  coun- 
ties; Colorado;  41  (viii).  This  is  a  Colorado 
Plateau  endemic.   Plants  with  both  capitate 
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and  cymose  involucres  in  the  branched  in- 
florescences and  very  short  broad  leaf  blades 
occur  in  tliis  entity.  Thus,  the  variation  is 
similar  to  that  represented  in  the  two  follow- 
ing varieties,  which  are  distinguished  on  fea- 
tures not  exclusive  with  them.  A  specimen 
from  Horn  Mountain,  Emery  County  (Foster 
8257  BRY),  simulates  E.  lonchophyllum  var. 
lonchophyUiim,  and  suggests  a  relationship 
between  E.  batemanii  and  that  taxon. 

Var.  eremicum  (Reveal)  Welsh  comb.  nov. 
[based  on:  E.  eremicum  Reveal  Phytologia 
23:  165.  1972].  Hermit  Buckwheat.  Shad- 
scale,  desert  shrub,  and  juniper  communities 
at  1555  to  1925  m  in  Beaver  and  Millard 
(type  from  SE  of  Garrison)  counties;  endem- 
ic; 12  (viii).  Substrates  include  limestone  and 
dolomite.  Specimens  herein  assigned  to  E. 
spathulatum  (q.v.),  but  having  glabrous  in- 
florescences, appear  to  be  intermediate  to- 
ward this  variety. 

Var.  osthmdii  (Jones)  Welsh  comb.  nov. 
[based  on:  E.  ostlundii  Jones  Contr.  W.  Bot. 
11:  12.  1903;  E.  spathulifomie  Rydb.,  type 
from  Piute  County].  Elsinore  Buckwheat. 
Shadscale,  mixed  desert  shrub,  juniper,  and 
ponderosa  pine  commmiities,  often  on  ig- 
neous gravels,  at  1675  to  1985  m  in  Piute  and 
Sevier  (type  from  near  Elsinore)  counties;  en- 
demic; 27  (iii). 

Eriogonum  bicolor  Jones  Pretty  Buck- 
wheat. [E.  microthecum  ssp.  bicolor  (Jones) 
Stokes].  Mound-forming  shrubs,  mainly  2-8 
cm  tall,  the  horizontal  spreading  stems 
mainly  5-20  cm  long;  leaves  caulescent, 
mostly  5-15  mm  long,  1-3  mm  wide,  clavate, 
the  lower  surface  more  or  less  obscured  by 
revolute  margins,  tomentose;  current  stems 
white-tomentose;  inflorescence  umbellate- 
cymose,  on  peduncles  3-15  mm  long;  in- 
volucres obconic  to  broadly  campanulate, 
2-4  mm  long,  tomentose  to  glabrous,  with  5 
acutish  to  rovmded  lobes;  flowers  white  to 
pink  or  rose,  the  midveins  often  pink  to  red- 
purple,  2.2-4  mm  long,  glabrous,  the  outer 
segments  obovate  to  orbicular,  the  inner  ones 
oblanceolate  to  elliptic;  achenes  brown, 
3-3.5  mm  long.  Shadscale,  mat-atriplex, 
other  salt  and  mixed  desert  shrub,  and  pi- 
ny on-jimiper  communities  at  1340  to  1985  m 
in  Carbon,  Emery,  Garfield,  Grand  (type 
from  Thompsons  Springs),  San  Juan,  Sevier, 
and  Wayne  counties;  endemic;  54  (vi). 


Eriogonum  brachypodum  T.  &  G.  Parry 

Buckwheat.  [E.  parryi  Gray,  type  from  St. 
George;  E.  deflexum  ssp.  parryi  (Gray) 
Stokes;  E.  deflexum  var.  brachypodum  (T.  & 
G.)  Munz;  E.  deflexum  ssp.  brachypodum  (T. 
&  G.)  Stokes].  Annual  herbs,  mainly  5-30  cm 
tall;  leaves  all  basal,  the  blades  0.8-4  cm  long 
and  about  as  wide  or  wider,  orbicular  to  reni- 
form,  white-tomentose,  at  least  beneath;  in- 
florescences umbellate,  the  branches  glandu- 
lar; involucres  on  stipes  3-15  mm  long, 
usually  deflexed,  glandular;  involucres  1-2.5 
mm  long,  obconic  to  campanulate,  usually 
glandular,  with  5  triangular-acute  teeth; 
flowers  white  or  suffvised  with  red,  1.5-2.8 
mm  long,  glabrous,  the  outer  segments  ovate- 
cordate,  the  inner  ones  oblanceolate;  achenes 
brown,  1.5-2  mm  long.  Creosote  bush,  other 
warm  desert  shrub,  and  shadscale  commu- 
nities at  760  to  1550  m  in  Sevier  and  Wash- 
ington counties;  California,  Nevada,  and  Ari- 
zona; 16  (ii). 

Eriogonum  brevicaule  Nutt.  Shortstem 
Buckwheat.  Plants  perennial;  stems  of  the 
year  dying  to  the  base,  mainly  3-40  cm  tall, 
glabrous  or  tomentose;  leaves  all  basal  or 
some  with  obvious  short  stems,  the  short  in- 
ternodes  obscured  by  a  tomentum,  0.3-10  cm 
long,  1-9  mm  wide,  tomentose  on  one  or 
both  surfaces,  flat  to  revolute,  entire  or  undu- 
late, linear  to  elliptic,  oblanceolate,  or  lan- 
ceolate; petioles  1-40  mm  long;  in- 
florescences cymose,  capitate,  or  cymose- 
umbellate;  involucres  solitary  or  clustered, 
obconic  to  campanulate,  1.5-4.5  mm  long, 
tomentose  to  glabrous,  with  5  acvite  lobes; 
flowers  yellow  to  cream,  white,  or  suffused 
with  pink,  glabrous,  the  segments  ovate  to 
oblong,  lanceolate,  oval,  or  obovate;  achenes 
1.5-3.5  mm  long,  brown.  The  brevicaule 
complex  typifies  the  problematical  nature  of 
interpretation  of  perennial  members  of  the 
genus.  Floral  morphology  is  sufficiently  re- 
duced and  uniform  as  to  lack  definitive  diag- 
nostic criteria  in  most  instances.  In- 
florescence structure  is  only  somewhat  more 
useful,  but  is  often  variable  within  a  popu- 
lation, ranging  from  capitate  to  branched. 
Flower  color  is  useful  in  a  general  sense  only, 
often  varying  from  white  to  yellow  or  even 
pink  within  a  population.  Pubescence  ap- 
pears, at  first,  to  be  of  substantial  value,  but 
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the  use  of  this  criterion  fails  also.  The  at-  tion  in  response  to  different,  often  subtle,  en- 
tempt  here  is  to  bring  together  those  mem-  vironmental  conditions  are  apparently  great, 
bers  of  the  group  as  they  occur  in  Utah,  However,  some  part  of  the  variation  is  due  to 
meanwhile  acknowledging  the  problems  of  hybridization  of  phases  of  this  complex 
recognition  of  all  specimens  within  a  con-  among  themselves  and  with  phases  of  the  E. 
stituent  entity.  Further,  an  indication  of  in-  corymbosum,  E.  lonchophyUum,  E.  micro- 
termediacy,  whether  phenotypic,  due  to  eco-  thecum,  and  possibly  other  complexes.  The 
logical  response,  or  genotypic,  due  to  following  treatment  should  be  regarded  as 
hybridization,  is  presented.  Phenotypic  varia-  tentative  at  best. 

1.  Inflorescences  branched  from  well  below  the  middle  of  the  plant  height;  plants 

of  the  southern  Uinta  Basin  E.  brevicaule  var.  ephedroides 

—  Inflorescence  capitate  and  unbranched  or  branched  from  above  the  middle  of 

the  plant  height  (seldom  below  in  some  var.  viriduhim,  q.v.)  2 

2(1).         Leaves  revolute,  the  lower  surface  completely  obscured  by  the  margin;  plants 

of  the  northern  and  western  Uinta  Basin  E.  brevicaule  var.  viriduhim 

—  Leaves  revolute  or  flat,  the  lower  surface  readily  apparent,  or,  if  not,  the 
plants  of  other  distribution 3 

3(2).         Leaves  both  flat  and  scapes  monocephalous;  plants  of  northern  Utah  4 

—  Leaves  revolute,  or,  if  flat,  plants  usually  with  a  branching  inflorescence 5 

4(3).         Plants  strictly  acaulescent;  plants  of  western  Box  Elder  County 

E.  brevicaule  var.  desertorum 

—  Plants  short-caulescent,  the  internodes  obscured  by  a  white  tomentum;  plants 

of  Cache,  Morgan,  and  Rich  counties  E.  brevicaule  var.  loganum 

5(3).  Plants  with  a  definitely  woody  caudex,  this  clothed  with  black,  marcescent  leaf 
bases;  leaves  usually  undulately  partially  revolute;  typically  growing  in 
crevices  or  ridge  crests  E.  brevicaule  var.  nanum 

—  Plants  with  subligneous  caudex,  this  only  sometimes  with  blackish  marcescent 

leaf  bases;  leaves  various,  but  sometimes  as  above;  of  various  habitats  6 

6(5).         Stems  glabrous,  the  inflorescences  branching  in  the  upper  one-third  to 

one-forth;  plants  transitional  with  the  following  E.  brevicaule  var.  brevicaule 

—  Stems  tomentose,  or,  if  glabrous,  inflorescence  branching  in  the  upper 
one-fourth 7 

7(6).  Flowers  white,  suffused  with  pink,  or  yellow,  borne  in  capitate  or  branched  in- 
florescences; plants  of  Minnie  Maud  Creek  and  Mt.  Bartles  vicinity 

E.  brevicaule  var.  promiscuum 

—  Flowers  usually  yellow,  borne  in  capitate  or  branched  inflorescences;  plants 
broadly  distributed E.  brevicaule  var.  laxifolium 

Var.  brevicaule  [E.  campanulatum  Nutt.;  counties;  Idaho,  Wyoming,  and  Colorado;  60 
E.  confertiflorum  var.  stansburyi  Benth.  in  (viii).  This  variety,  as  interpreted  here,  in- 
DC,  type  from  Utah;  E.  brevicaule  var.  au-  eludes  var.  wasatchense  (Jones)  Reveal  [E. 
reum  Benth.  in  DC;  E.  nudicaule  ssp.  gar-  wasatchense  Jones,  type  from  American  Fork 
rettii  Stokes,  type  from  near  Echo  Reservoir;  Canyon],  a  narrow-leaved  phase  completely 
E.  nudicaule  ssp.  parleyense  Stokes,  type  transitional  with  more  typical  var.  brevicaule 
from  Parleys  Canyon].  Sagebrush,  juniper,  northward.  The  narrow-leaved  phase  is  also 
mountain  brush,  pinyon-juniper,  aspen,  and  transitional  with  var.  laxifolium  (q.v.)  south- 
spruce-fir  commmiities  at  1460  to  2745  m  in  ward,  and  both  varieties  brevicaule  and  laxi- 
Daggett,  Davis,  Salt  Lake,  Summit,  and  Utah  folium  intergrade  upward  with  the  aggrega- 
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tion  of  forms  treated  herein  as  var.  nontim 
(q.v.).  Hybrids  between  var.  brevicaule  and  E. 
conjmhosum  are  known  from  Wyoming. 

Var.  desertorum  (Maguire)  Welsh  comb, 
nov.  [based  on:  E.  chnjsocephalum  ssp. 
desertorum  Maguire  in  Maguire  &  Hohngren 
Leafl.  W.  Bot.  3:  11.  1941;  E.  desertorum 
(Maguire)  R.  J.  Davis].  Desert  Buckwheat. 
Sagebrush,  bitterbnish,  and  juniper  commu- 
nities at  ca  1585  to  2440  m  in  Box  Elder 
Coimty;  Nevada;  3  (0).  This  variety  simulates 
the  capitate  phase  of  var.  laxifolium  differing 
conspicuously  only  in  the  flat  leaf  blades. 

Var.  ephedroides  (Reveal)  Welsh  comb, 
nov.  [based  on:  E.  ephedroides  Reveal  Ma- 
drono 19:  295.  1968].  Ephedra  Buckwheat. 
Shadscale,  tliistle,  mixed  desert  shrub,  and 
open  pinyon-juniper  communities,  on  Green 
River  Formation,  at  1525  to  2075  m  in  Uintah 
(type  from  south  of  Bonanza)  County;  en- 
demic; 28  (iii).  This  most  distinctive  phase  of 
the  brevicaule  complex  forms  apparent  hy- 
brids with  £.  conjmhosum  in  the  eastern  part 
of  its  range. 

Var.  laxifolium  (T.  &  G.)  Reveal  Varying 
Buckwheat.  [£.  kingii  var.  laxifolium  T.  &  G, 
type  from  Wasatch  Mts.;  E.  chrysocephalum 
Gray;  E.  chrysocephalum  var.  angustum 
Jones,  type  from  Johnson  Pass,  Tooele  Coun- 
ty; E.  nudicaule  ssp.  angustum  (Jones)  Stokes; 
E.  brevicaule  var.  pumilum  Stokes  ex  Jones, 
type  from  Carbon  County;  E.  nudicaule  ssp. 
pumilum  (Stokes)  Stokes;  E.  tenellum  ssp.  cot- 
tamii  Stokes,  type  from  Utah  County;  E. 
brevicaule  var.  cottamii  (Stokes)  Reveal;  E. 
medium  Rydb,  type  from  Mt.  Nebo].  Moun- 
tain brush,  sagebrush,  pinyon-juniper,  pon- 
derosa  pine,  and  aspen  communities  at  1645 
to  3390  m  in  Duchesne,  Emery,  Juab,  Mil- 
lard, Salt  Lake,  Sanpete,  Sevier,  Tooele,  and 
Utah  counties;  endemic;  64  (xv).  This  variety 
consists  of  plants  with  both  capitate  and  open 
inflorescences,  slender  to  broad  leaves,  revo- 
lute  to  flat  leaves,  usually  tomentose  (but 
sometimes  glabrous)  inflorescences,  and  other 
diversity.  The  var.  cottaynii  is  based  on  the 
densely  tomentose  plants  of  western  ranges, 
but  these  are  transitional  completely  at  high- 
er elevations  with  other  phases  of  var.  laxifo- 
lium, and  show  affinity  with  E.  spathulatum 
(q.v.)  downward.  Apparent  hybrids  occur 
with  E.  lonchophyllum  (see  var.  promiscuum). 


Var.  loganum  (A.  Nels.)  Welsh  comb.  nov. 
[based  on:  E.  loganum  A.  Nels.  Bot.  Gaz.  54: 
149.  1912;  E.  chrysocephalum  ssp.  loganum 
(A.  Nels.)  Stokes].  Logan  Buckwheat.  Sage- 
brush-bunchgrass  communities  at  1460  to 
2045  m  in  Cache  (type  from  Logan),  Morgan, 
and  Rich  counties;  endemic;  8  (0).  This  mate- 
rial differs  only  superficially  from  var.  na- 
num,  a  higher-elevation  phase  with  similar 
well-developed  woody  base. 

Var.  natium  (Reveal)  Welsh  comb.  nov. 
[based  on:  E.  nanum  Reveal  Phytologia  25: 
194.  1973;  E.  grayi  Reveal,  type  from  Lake 
Blanche,  Salt  Lake  County].  Dwarf  Buck- 
wheat. Sagebrush,  mountain  brush,  spruce-fir, 
and  alpine  tundra  communities,  in  crevices  in 
limestone  or  quartzite  outcrops,  or  on  wind- 
swept ridges  or  in  talus  slopes  at  2010  to 
3510  m  in  Box  Elder  (type  from  Willard 
Peak),  Cache,  Juab,  Millard,  Salt  Lake, 
Tooele,  Utah,  and  Weber  counties;  endemic; 
35  (i).  This  assemblage  consists  of  crevice 
plants  and  other  dwarf,  high  elevation  phases 
that  apparently  do  not  have  genetic  integrity. 
Their  recognition  at  any  taxonomic  rank  is, 
therefore,  problematical,  and  they  are 
treated  here  for  convenience  only. 

Var.  prom^iscuum  Welsh  var.  nov.  Similis 
Eriogono  brevicauli  var.  nano  in  floribus  vari- 
coloribus  —  albis,  roseis,  vel  flavis,  in- 
florescentiis  simplicibus  vel  furcatis  et  foliis 
involutis  vel  planis  sed  in  foliis  longioribus  et 
revolutis  consistans  differt.  Type.  USA.  Utah. 
Carbon  County;  T13S,  R14E,  S7,  ca  25  mi  E 
of  Helper,  summit  of  Mt.  Bartles,  3060  m, 
open  ridge  top.  Green  River  Formation,  10 
Aug.  1977,  S.  Welsh  &  S.  Clark  15905  (Holo- 
type  BRY;  Isotypes  10,  distributed  previously 
as  Eriogonum).  Additional  specimens:  Utah. 
Carbon  County;  head  of  Harmon  Canyon,  ca 
halfway  between  Mt.  Bartles  and  Nine  Mile 
Canyon,  18  July  1978,  E.  Neese  &  L.  En- 
gland 6160,  6161,  6162,  6163,  6164  (all  BRY); 
near  head  of  Soldier  Canyon,  12  Aug.  1967, 
S.  Welsh  &  E.  Christensen  6625,  6626  (BRY); 
do  15  Aug.  1966,  N.  H.  Holmgren  &  J.  L.  Re- 
veal .3015  (BRY);  Duchesne  County,  Gate 
Canyon,  Myton-Wellington  road,  25  July 
1978,  J.  S.  Peterson  &  E.  Neese  1286  (BRY). 
The  Mt.  Bartles  buckwheat  is  similar  in  some 
respects  with  var.  nanum  but  appears  to 
have  a  separate  origin.  The  plants  seem  to 
have  arisen  through  hybridization  of  portions 
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of  E.  brevicaule  var.  laxifoUum  with  E.  cor- 
ymbosum  var.  hylophilum  and  with  a  pos- 
sible infusion  of  E.  lonchophyllum  var.  lon- 
chophyllum.  Flowers  are  predominantly 
white  suffused  with  pink,  and  in  the  upper 
elevational  reaches  have  capitate  in- 
florescences. Downward  the  inflorescences 
are  branched  and  the  plants  are  transitional 
to  E.  corymbosum.  Yellow-flowered  individ- 
uals give  evidence  of  contribution  from  E. 
brevicaule  var.  laxifoUum;  12  (iii). 

Var.  viridulum  (Reveal)  Welsh  comb.  nov. 
[based  on:  E.  viridulum  Reveal  Proc.  Utah 
Acad.  Sci.  42:  287.  1966].  Duchesne  Buck- 
wheat. Pinyon-juniper,  shadscale,  and  mixed 
desert  shrub  communities  at  1555  to  2135  m 
in  Duchesne  (type  from  8  mi  E  of  Duchesne) 
and  Uintah  counties;  endemic;  58  (v).  Hy- 
brids between  var.  viridulum  and  E.  cor- 
ymbosum, which  simulate  E.  corymbosum 
var.  aureum,  are  locally  common  in  Du- 
chesne and  eastern  Utah  counties.  They  have 
been  described  as  both  E.  corymbosum  var. 
albogilvw7i  Reveal  (type  from  Indian  Can- 
yon) and  E.  x  duchesnense  Reveal  (type  from 
Indian  Canyon);  18  (iii).  The  var.  viridulum  is 
closely  allied  to  var.  ephedroides  standing 
about  midway  between  tliat  entity  and  var. 
brevicaule.  There  is  an  admitted  close  affinity 
with  var.  laxifoUum  westward.  Some  plants 
from  near  Split  Mountain,  Uintah  County, 
are  apparently  transitional  with  E.  loncho- 
phyllum var.  saurinum  and  E.  microthecum. 

Eriogonum  caespitosum  Nutt.  Mat  Buck- 
wheat. Plants  perennial,  matforming,  mainly 
1-4  dm  across,  the  vegetative  stems  per- 
sistent, with  branches  woody  and  usually 
clothed  with  gray  to  black  leaves  and  bases; 
flowering  stems  scapose,  arising  from  rosette- 
like branches,  mainly  0.5-10  cm  long  or  lack- 
ing; leaves  2-12  mm  long,  1.5-5  mm  wide, 
spatulate  to  oblanceolate,  elliptic  or  oval,  to- 
mentose,  flat  or  essentially  so,  short-petiolate; 
inflorescence  capitate,  not  subbtended  by 
bracts;  involucres  campanulate,  with  the 
tubes  2-3.5  mm  long  and  3-5  mm  wide,  the 
lobes  oblong,  2-3.5  mm  long;  flowers  yellow 
or  suffused  with  red,  2.5-10  mm  long  includ- 
ing the  stipitate  base,  pilose  to  villous,  the 
segments  oblanceolate;  achenes  3.5-5  mm 
long.  SagebRish,  pinyon-juniper,  and  moun- 
tain brush  communities  at  1525  to  2290  m  in 
Beaver,  Box  Elder,  Iron,  Juab,  Millard,  Rich, 


Summit,  and  Washington  counties;  Oregon  to 
Montana,  south  to  California,  Nevada,  and 
Colorado;  21  (iv). 

Eriogonum^  cerniium  Nutt.  Nodding  Buck- 
wheat. [E.  cernuum  var.  tenue  T.  &  G.,  type 
from  Weber  Valley;  E.  cernuum  var.  um- 
braticum  Eastw.,  type  from  McElmo  Creek, 
San  Juan  County].  Plants  annual,  becoming 
unbelliform,  mainly  5-45  cm  tall;  leaves  all 
basal  or  cauline  up  to  10  cm  above  the  base, 
the  blades  3-35  mm  long  and  about  as  wide, 
ovate  to  oval  or  orbicular,  tomentose  on  one 
or  both  sides;  petioles  3-40  mm  long;  in- 
florescence glabrous,  open,  the  branches 
spreading  or  ascending;  involucres  usually 
stalked  (except  in  var.  vimineum),  often  de- 
flexed,  obconic  to  campanulate,  1-2  mm 
long,  glabrous,  the  5  teeth  acute;  flowers 
white,  1-2.5  mm  long,  glabrous,  the  outer 
segments  constricted  below  the  middle,  the 
margins  undulate,  often  more  or  less  saccate 
basally,  the  inner  ones  obovate;  achenes 
1.5-2  mm  long.  Shadscale,  other  salt  desert 
shrub,  sagebrush,  pinyon-juniper,  mountain 
brush,  ponderosa  pine,  aspen,  and  spruce-fir 
communities  at  1220  to  2810  m  in  Beaver, 
Carbon,  Duchesne,  Emery,  Garfield,  Grand, 
Iron,  Juab,  Kane,  Millard,  Piute,  Rich,  Salt 
Lake,  San  Juan,  Sevier,  Tooele,  Uintah,  Utah, 
Washington,  and  Wayne  counties;  Canada 
south  to  California,  Arizona,  and  New  Mexi- 
co; 142  (xxvii).  A  phase  with  sessile  in- 
volucres and  somewhat  larger  flowers  occurs 
in  Millard  and  Beaver  counties;  i.e.,  var. 
viminale  (Stokes)  Reveal  in  Munz  [E.  cer- 
nuum ssp.  viminale  Stokes;  5  (0).  A  few 
plants  from  sandy  sites  in  Kane  County  have 
inflorescences  more  paniculiform  than  usual 
and  more  uniformly  short-stipitate  in- 
volucres. Possibly  they  are  of  taxonomic 
significance. 

Eriogonum  clavellatum  Small  Comb  Wash 
Buckwheat.  Shrubs,  mainly  7-20  cm  tall, 
clump  forming;  leaves  3-15  mm  long,  0.5-2 
mm  wide,  narrowly  oblanceolate  to  oblong, 
white-tomentose  beneath,  less  densely  so 
above,  revolute,  often  with  fascicled  second- 
ary ones  in  at  least  some  axils;  petioles  very 
short;  inflorescence  cymose-umbellate, 
mainly  1-2.5  cm  wide,  glabrous;  involucres 
on  stipes  mainly  1-4  mm  long,  glabrous,  ob- 
conic to  campanulate,  3.5-4.5  mm  long,  with 
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5-acutish    teeth;    flowers    white    or    suffused  mm     long;     inflorescences     cymose,     the 

with  pink,  glabrous,  3-3.5  mm  long,  the  out-  branches  ascending   to   spreading  or  divari- 

er  segments  obovate  to  broadly  spatulate,  the  cate,  glabrous  or  tomentose;  involucres  1.5-4 

inner  ones  narrower;  achenes  3-3.5  mm  long,  mm  long,  obconic  or  campanulate,  glabrous 

Shadscale  and  blackbrush  commimities  at  ca  or  tomentose,  with  5  or  6  acute  teeth;  flower 

1325  to  1680  m  in  San  Juan  (type  from  Bar-  white,  suffused  with  pink  or  red  or  yellow, 

tons  range)  County;  endemic;  6  (i).  1.5-4.5  mm  long,  glabrous,  the  segments  obo- 

Eriogonum   contortum   Small   ex   Rydb.  vate  to  lanceolate  or  spatulate;  achenes  2-3 

Grand  Buckwheat.   [E.   effusiim   ssp.   con-  mm  long.  This  is  a  huge  and  complex  species 

torttim  (Small)  Stokes].  Shrubs  mainly  5-20  group,    involving    numerous    morphological 

cm  tall,  clump-forming;  leaves  5-20  mm  variants,  some  of  which  are  edaphically  and 

long,  1-2  wide,  linear  to  narrowly  oblanceo-  geographically  correlated.  Diagnostic  criteria 

late,  revolute,  tomentose  on  one  or  both  are  few,  and  are  often  based  on  vegetative 

sides;   petioles  very  short;   inflorescence  cy-  characteristics   that   form    continuous   clines. 

mose  to  cymose-umbellate,  the  involucres  not  The  species  is  pivotal  to  E.  thompsonae,  E. 

clustered,  tomentose  to  glabrous,  involucres  lonchophijllwn,  E.  leptocladon,  and  E.  brevi- 

1-2.5  mm  long,  obconic  to  campanulate,  caule,  forming  hybrids  with  all  of  them.  At 

glabrous,  the  5  teeth  acutish;  flowers  yellow,  the  margins  of  ecological  tolerance  the  spe- 

1.5-2.5  mm  long,  glabrous,  the  segments  ob-  cies  undergoes  reduction  of  internode  length 

long   to   obovate;   achenes  2-2.5   mm   long,  and    concurrent     elongation     of    the     in- 

Shadscale  and  other  salt  desert  shrub  commu-  florescence.    Yellow   flowers   are   apparently 

nities  at  ca  1280  to  1525  m  in  Grand  County;  derived,  at  least  in  part,  from  hybridization 

Colorado;  8  (ii).  This  low  shrub  is  allied  to  with  other  species  having  yellow  flowers  (see 

the  brevicaulc  complex.  E.   x  duchesnense  under  E.   hrevicaule,  and 

Eriogonum   corytnbosum   Benth.   Corymb  both  E.  thompsonae  and  E.  leptocladon).  The 

Buckwheat.  Low  to  tall  shrubs  or  subshrubs,  following   treatment   is   preliminary,  but   al- 

0.7-12  dm  tall,  clump  (seldom  mat)  forming;  lows   recognition   of   the   more   important 

leaves  0.7-9  cm  long,  lanceolate  to  elliptic,  phases  of  the  complex.  There  are  other  forms, 

orbicular,  oblanceolate,  spatulate,  or  linear,  possibly  ecotypes  or  incipient  ecotypes,  that 

tomentose  on  one  or  both  sides  or  glabrous,  might  be   worthy   of  recognition,  but   those 

the  margins  flat  to   revolute;   petioles  2-18  must  await  more  definitive  work. 

1.  Internodes  of  annual  growth  short,  the  inflorescence  usually  much  longer  than 

the  vegetative  branch 2 

—  Internodes  of  annual  growth  elongate,  the  inflorescence  subequal  to  or  shorter 
than  the  vegetative  branch 4 

2(1).  Inflorescence  tomentose;  plants  of  the  Sevier  River  drainage.  Sink  Valley,  and 

Thousand  Lake  Mt E.  conjmbosum  var.  revealianum 

—  Inflorescence  glabrous;  plants  of  various  distribution  3 

3(2).  Leaves  crenately  revolute;  plants  of  the  Henry  Mts.  ..  E.  corymbosum  var.  cronqiiistii 

—  Leaves  flat  or  essentially  so,  the  margins  not  especially  crenate  or  revolute; 
plants  of  San  Juan  County  E.  corymbosum  var.  humivagans 

4(1).         Flowers  yellow  or  pale  yellow 5 

—  Flowers  white  or  variously  suffused  with  pink  or  red 6 

5(4).         Leaves   glabrous    on   both    surfaces;    inflorescences    glabrous;    plants    of 

southeastern  Emery  and  eastern  Wayne  counties E.  corymbosum  var.  smithii 

—  Leaves  tomentose   on   one   or  both   surfaces;   inflorescences  glabrous  or 
tomentose;  plants  of  different  distrubution  E.  corymbosum  var.  aureum 

6(4).  Leaf  blades  as  long  as  broad  or  nearly  so;  plants  forming  clumps  mainly  6-20 

dm  broad;  inflorescence  intricately  and  divaricately  branched;  plants  often  of 
rimrock  along  the  canyons  of  the  Colorado  River  ....  E.  corymbosum  var.  orbiculatum 
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—  Leaf  blades  much  longer  than  broad;  plants  mainly  less  than  6  dm  wide;  in- 
florescence with  branches  not  especially  divaricate  or  sometimes  so,  but  then 

of  different  substrates  and  distribution  7 

7(6).         Leaves  mainly  3-9  cm  long,  more  or  less  revolute,  but  not  especially  crenate- 

revolute;  plants  of  southeastern  Duchesne  County  ....  E.  corymbosum  var.  hylophilum 

—  Leaves  mainly  0.5-4.5  cm  long,  usually  crenate-revolute,  less  commonly  flat; 
plants  widespread  E.  corymbosum  var.  corymbosum 


Var.  aureum  (Jones)  Reveal  Golden  Buck- 
wheat. [£.  aureum  var.  glutinosum  Jones;  E. 
fruticosum  var.  glutinosum  (Jones)  A.  Nels.; 
E.  fruticosum  A.  Nels.;  E.  aureum  Jones,  type 
from  near  St.  George;  E.  crispum  L.  O.  Will- 
iams, type  from  Cedar  Canyon,  Iron  Coun- 
ty]. Salt  and  mixed  desert  shrub  and  pinyon- 
juniper  commmiites  at  1065  to  2565  m  in 
Emery,  Garfield,  Kane,  Washington,  and 
Wayne  counties;  Arizona;  27  (v).  It  is  doubt- 
ful whether  the  yellow-flowered  material 
constitutes  a  taxon  in  the  usual  sense.  The  as- 
semblage is  held  together  by  the  feature  of 
flower  color  alone,  a  character  hardly  viewed 
as  reliable  in  some  portions  of  the  genus,  and 
the  plants  are  almost  as  variable  as  those  of 
var.  corymbosum,  with  which  they  are 
largely  sympatric.  Similar  yellow-flowered 
plants  from  the  Uinta  Basin  result  from  hy- 
bridization of  E.  brevicaule  with  E.  conjm- 
bosum.  Specimens  from  Washington  County 
are  transitional  into  E.  thompsonae  (see  the 
Shivwits  phase  under  that  species). 

Var.  corymbosum  [E.  corymbosum  var. 
divaricatum  T.  &  G.,  type  from  Green  River; 
E.  corymbosum  ssp.  divaricatum  (T.  &  G.) 
Stokes;  E.  divergens  Small;  E.  effusum  ssp. 
corymbosum  (Benth.)  Stokes;  E.  effusum  var. 
durum  Stokes,  type  from  Sunnyside;  E.  erec- 
tum  Reveal  &  Brotherson,  type  from  west  of 
Duchesne;  E.  corymbosum  var.  velutinum 
Reveal;  E.  lancifolium  Reveal  &  Brotherson, 
type  from  east  of  Wellington;  E.  corymbosum 
var.  davidsei  type  from  Wellington].  Shad- 
scale,  other  salt  desert  shrub,  sagebrush,  mixed 
desert  shrub,  and  pinyon-juniper  commu- 
nities at  1400  to  2440  m,  often  on  fine-tex- 
tured or  sandy  soils,  in  Carbon,  Daggett, 
Duchesne,  Emery,  Garfield,  Grand,  Kane, 
San  Juan,  Sevier,  Uintah,  Wasatch,  and 
Wayne  counties;  Colorado  and  Arizona;  178 


(xxxv).  This  variety  is  pivotal  between  E. 
brevicaule,  E.  lonchophyllum,  and  other  taxa. 

Var.  cronquistii  (Reveal)  Welsh  comb, 
nov.  [based  on:  E.  cronquistii  Reveal  Ma- 
drono 19:  289.  1968].  Cronquist  Buckwheat. 
Pinyon,  holodiscus,  rabbitbrush,  and  rock- 
spiraea  communities  at  ca  2680  to  2715  m  in 
the  Henry  Mts.,  Garfield  County;  endemic;  3 
(0).  A  closely  similar  plant  is  known  from 
Thousand  Lake  Mt.,  but  is  tomentose 
throughout,  except  for  the  flowers,  and  is 
here  assigned  to  var.  revealianum. 

Var.  humivagans  (Reveal)  Welsh  comb, 
nov.  [based  on:  E.  humivagans  Reveal 
Madrono  19:291.  1968].  San  Juan  Buckwheat. 
Woody  aster,  rabbitbrush,  and  pinyon-juniper 
communities  at  1675  to  2105  m  in  San  Juan 
(type  from  east  of  Monticello)  County;  en- 
demic; 3  (i). 

Var.  hylophilum  (Reveal  &  Brotherson) 
Welsh  comb.  nov.  [E.  hylophilum  Reveal 
Great  Basin  Nat.  27:190.  1968].  Gate  Canyon 
Buckwheat.  Juniper  and  pinyon-juniper  com- 
munities at  2040  to  2535  m  in  Duchesne 
(type  from  Gate  Canyon)  County;  endemic;  6 
(0).  Materials  included  within  this  variety  are 
intermediate  between  E.  brevicaule  var. 
promiscuum  and  E.  corymbosum,  var.  cor- 
ymbosum especially  that  phase  called  E.  lan- 
cifolium (q.v.).  The  variety  is  also  influenced 
more  or  less  by  E.  brevicaule  var.  laxifolium. 

Var.  orbicukitum  (Stokes)  Reveal  &  Broth- 
erson Rimrock  Buckwheat.  [£.  effusum  ssp. 
orbiculatum  Stokes].  Eriogonum,  mixed 
desert  shrub,  hanging  garden,  and  pinyon- 
juniper  communities,  often  on  sandstone,  at 
1125  to  2200  m,  in  Emery,  Garfleld,  Grand, 
Kane,  San  Juan,  and  Wayne  counties;  Ari- 
zona and  New  Mexico;  49  (xix).  Materials 
designated  as  var.  velutinum  Reveal  are  tran- 
sitional  between   var.   orbiculatum   and  var. 
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conjmhosum  at  least  in  Utah  specimens. 

Var.  revealianum  (Welsh)  Reveal  Reveal 
Buckwheat.  [E.  revealianum  Welsh,  type 
from  south  of  Antimony].  Sagebmsh,  pinyon- 
juniper,  and  bristlecone  pine  commimities  at 
2135  to  2745  m  in  igneous  gravels  or  clay- 
silts  in  Garfield,  Kane,  Piute,  and  Wayne 
comities;  endemic;  13  (v).  A  specimen  from 
the  south  end  of  Thousand  Lake  Mt.  (Atwood 
&  Thompson  7645  BRY)  is  like  var.  cron- 
quistii  in  habit,  but  has  broader  involucres 
and  pubescence  of  var.  revealianum.  Speci- 
mens from  Kane  County  indicate  a  possible 
relationship  with  E.  thompsonae. 

Var.  smithii  (Reveal)  Welsh  comb.  nov. 
[based  on:  E.  smithii  Reveal  Great  Basin  Nat. 
27:  202.  1968].  Flat  Top  Buckwheat.  Purple- 
sage,  matchweed,  ephedra-Indian  ricegrass, 
and  rabbitbnish  commimties,  on  the  Entrada 
Formation  and  on  stabilized  dunes,  at  ca 
1585  to  1710  m  in  Emery  (type  from  the  Big 
Flat  Top)  and  Wayne  counties;  endemic;  12 
(ii).  This  is  the  most  striking  phase  within  the 
conjmhosum  complex.  Its  origin  is  problem- 
atical, but  the  possibility  of  hybridization 
cannot  be  discounted.  Putative  hybrids  be- 
tween var.  conjmhosum  and  E.  leptocladon 
(q.v.)  suggest  such  a  possibility. 

Eriogonum  darrovii  Hook.  Darrow  Buck- 
wheat. Annuals,  mainly  3-15  cm  tall,  usually 
branched  from  near  the  base;  leaves  mainly 
cauline,  the  blades  4-15  mm  long,  3-13  mm 
wide,  puberulent  to  villous-pilose  on  both 
sides,  tomentose  to  ovate,  elliptic  or  orbicu- 
lar; inflorescences  axillary;  involucres  sessile, 
campanulate,  2-2.5  mm  long,  pilose,  with  5 
lance-ovate  lobes;  flowers  yellow  or  pink, 
1-2.5  mm  long,  hairy  near  the  base,  the  outer 
segments  broadly  obovate,  hooded,  and  con- 
spicuously ciliate,  the  inner  ones  narrower; 
achenes  ca  1  mm  long.  Pinyon-juniper  com- 
munity at  ca  1860  m  in  Kane  County;  Ari- 
zona and  Nevada;  1  (0). 

Eriogonum  davidsonii  Greene.  Davidson 
Buckwheat.  [£.  haileyi  var.  davidsonii 
(Greene)  Jones;  £.  mosestum  var.  davidsonii 
(Greene)  Jepson;  E.  juncinellum  Gand.;  E.  vi- 
mineum  ssp.  juncinellum  (Gand.)  Stokes].  An- 
nuals, 6-40  cm  tall;  leaves  all  basal  (rarely 
some  above  the  base),  the  blades  6-20  mm 
long  and  as  wide  or  wider,  orbicular,  white 
tomentose   beneath    and   above   or   glabrate 


above;  petioles  3-20  mm  long;  inflorescences 
glabrous,  the  branches  erect-ascending;  in- 
volucres sessile  or  terminal,  narrowly  obcon- 
ic,  2.5-5  mm  long,  glabrous,  the  5  teeth  acut- 
ish;  flowers  white  to  pink,  1.5-2  mm  long, 
glabrous,  the  segments  obovate  to  oblong; 
achenes  ca  2  mm  long.  Creosote  bush,  Joshua 
tree,  mixed  warm  desert  shrub,  and  pinyon- 
juniper  communities  at  795  to  1680  m  in 
Kane  and  Washington  counties;  California, 
Nevada,  Arizona,  and  Mexico;  7  (0). 

Eriogonum  deflexiim  Torr.  in  Ives  Skele- 
tonweed  Buckwheat.  [E.  deflexum  var.  neva- 
dense  Reveal].  Annuals,  5-40  (50)  cm  tall; 
leaves  all  basal;  blades  6-30  (40)  mm  long 
and  as  wide  or  wider,  orbicular  to  sub- 
reniform,  rounded  to  cordate  basally,  tomen- 
tose on  one  or  both  sides;  petioles  0.3-7  cm 
long;  inflorescences  usually  spreading  and 
umbrellalike,  glabrous;  involucres  stipitate  to 
subsessile  or  sessile,  glabrous,  deflexed,  ob- 
conic  to  somewhat  campanulate,  mainly 
1.5-2  mm  long,  the  5  teeth  acutish;  flowers 
white,  sometimes  pinkish,  1-2  mm  long, 
glabrous,  the  outer  segments  cordate,  the  in- 
ner ones  narrower;  achenes  1.5-2  mm  long. 
Creosote  bush,  Joshua  tree,  blackbrush,  other 
warm  desert  shrvib,  shadscale,  and  juniper 
communities  at  760  to  1985  m  in  Garfield, 
Juab,  Kane,  Millard,  San  Juan,  Washington, 
and  Wayne  counties;  Nevada,  Arizona,  Cali- 
fornia, and  Mexico;  39  (xiii).  This  species  is  a 
close  ally  of  E.  hookeri,  E.  brachypodium,  and 
E.  insigne,  all  of  which  have  been  included 
previously  within  an  expanded  E.  deflexum. 
Some  specimens  from  Washington  County 
have  strict  branches  like  E.  insigiie,  but  are 
otherwise  E.  deflexum.  I  follow  recent  tradi- 
tion in  treating  the  taxa  as  separate  species. 
The  var.  nevadense,  in  Utah  at  least,  lacks 
both  geographical  and  morphological  conti- 
nuity. Our  material  belongs  to  var.  deflexum. 

Eriogonum  divaricatum  Hook.  Spreading 
Buckwheat.  Annuals,  prostrate  to  decum- 
bent-ascending, the  stems  5-22  cm  long, 
dichotomously  branched;  leaves  cauline  and 
basal,  the  blades  3-30  mm  long,  3-20  mm 
wide,  oval  to  orbicular,  puberulent  with 
crinkly  hairs;  involucres  sessile,  borne  in  axils 
of  bracteate  leaves  on  spreading-decurved 
branches,  obconic,  1-2  mm  long,  pilose,  5- 
lobed;  flowers  yellowish  or  suffused  with  red. 
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1-2  mm  long,  puberulent  and  glandular,  the 
segments  oblong  to  lanceolate;  achenes  1.5-2 
mm  long.  Shadscale,  mixed  desert  shrub,  and 
pinyon-juniper  communities  at  1155  to  2015 
m  in  Emery,  Garfield,  Millard,  San  Juan,  Uin- 
tah, and  Wayne  counties;  Wyoming,  Colo- 
rado, New  Mexico,  and  Arizona;  12  (i). 

Eriogonum  fasciculatum  Benth.  Mojave 
Buckwheat.  Shrubs,  mainly  2-8  dm  tall, 
clump-forming;  leaves  cauline,  often  with 
some  fascicled  ones  in  lower  axils,  4-18  mm 
long,  1-5  mm  wide,  usually  more  or  less 
revolute,  linear  to  narrowly  oblong  or  oblan- 
ceolate,  more  or  less  tomentose  on  one  or 
both  sides;  inflorescences  long-peduncled,  di- 
varcately  branched  or  subcapitate,  tomentu- 
lose;  involucres  obconic  to  campanulate, 
2-3.5  mm  long,  the  5  obtusish  lobes  with 
hyaline  margins;  flowers  white  to  pink,  2-3 
mm  long,  villous-pilose,  the  segments  obo- 
vate;  achenes  2-2.5  mm  long.  Warm  desert 
shrub  communities  at  730  to  1495  m  in 
Washington  County;  Nevada,  California,  Ari- 
zona, and  Mexico;  25  (i).  Our  material  has 
been  assigned  to  var.  polifolium  (Benth.)  T. 
&  G.  [£.  polifolium  Benth.  in  DC.].  A  speci- 
men with  provenience  of  Emery  County 
(Cottam  5224A  BRY)  is  extant,  but  might  be 
mislabeled. 

Eriogonum  flexum  Jones.  Bent  Buckwheat. 
[E.  flexum  var.  ferroriis  Jones,  type  from  near 
Ferron;  Stenogonum  flexum  (Jones)  Reveal  & 
Howell].  Annuals,  4-35  cm  tall;  leaves  all 
basal  (rarely  some  whorled  at  nodes  of  in- 
florescence); blades  3-28  mm  long  and  about 
as  wide,  orbicular  to  oval,  truncate  to  svib- 
cordate  basally,  puberulent  to  glabrous  and 
sometimes  glandular  on  one  or  both  surfaces; 
petioles  3-40  mm  long;  involucres  stipitate, 
the  filiform  stipes  commonly  abruptly  bent 
below  the  involucre  and  often  glandular  be- 
low, campanulate,  in  2  whorls,  each  3-lobed; 
flowers  yellow,  1.5-4  mm  long,  puberulent, 
the  segments  lanceolate;  achenes  2-2.5  mm 
long.  Shadscale,  mat-saltbush,  blackbrush, 
and  pinyon-juniper  communities,  often  on 
fine-textured  substrates,  at  1430  to  1865  m  in 
Carbon,  Emery,  Garfield,  Kane,  San  Juan, 
Uintah,  and  Wayne  counties;  Colorado  and 
Arizona;  34  (iii).  Although  regarded  by  some 
workers  as  belonging,  with  E.  salsuginosum, 
in  the  segregate  genus  Stenogonum  because 


of  their  peculiar  involucres,  both  species  ap- 
pear to  be  more  nearly  allied  to  species  with- 
in Eriogonum  proper  than  they  are  to  each 
other  (see  E.  inflatum). 

Eriogonum  gordonii  Benth.  in  DC.  Gor- 
don Buckwheat.  Annuals,  mainly  8-60  cm 
tall;  leaves  all  basal;  blades  9-55  mm  long, 
oval  to  suborbicular,  obtuse  to  truncate  or 
cordate  basally,  green  above,  paler  beneath, 
softly  spreading-hairy;  petioles  0.5-10  cm 
long  or  more;  inflorescences  spreading-as- 
cending,  glabrous  or  hairy;  involucres  on 
stipes  mainly  3-20  mm  long,  obconic-camp- 
anulate,  0.6-1.3  mm  long,  glabrous,  with  5 
obtusish  teeth;  flowers  white,  1-2.5  mm  long, 
glabrous,  the  segments  obovate  to  oblong  or 
oblanceolate;  achenes  1.8-2.5  mm  long.  Salt 
desert  shrub,  shadscale,  and  juniper  or  pin- 
yon-juniper communities,  on  fine-textured  sa- 
line soils,  at  1110  to  2015  m  in  Carbon,  Dag- 
gett, Duchesne,  Emery,  Garfield,  Grand, 
Kane,  and  Uintah  counties;  Wyoming  to  Ne- 
braska, south  to  Arizona,  and  New  Mexico; 
49  (vi). 

Eriogonum  heermannii  Dur.  &  Hilg. 
Heermann  Buckwheat.  Shrubs,  mainly  1-6 
dm  tall,  clump  forming,  with  intricately  and 
divaricately  branched  inflorescences  appear- 
ing cushionlike;  leaves  mainly  3-17  mm  long, 
2-5  mm  wide,  the  blades  elliptic  to  spatulate, 
tomentose  on  one  or  both  sides,  more  or  less 
revolute;  petioles  3-10  mm  long;  in- 
florescence cymose,  the  branches  angled  or 
ribbed  and  sulcate  between  the  ribs;  in- 
volucres sessile,  glabrous,  campanulate, 
0.6-1.5  mm  long,  with  5  rounded  teeth;  flow- 
ers white  (yellowish?),  1.5-3  mm  long, 
glabrous,  the  outer  segments  obovate,  the  in- 
ner ones  narrower;  achenes  2-2.5  mm  long. 
Blackbrush,  mixed  desert  shrub,  mountain 
brush,  and  pinyon-juniper  communities  (often 
on  rock  outcrops)  at  ca  1220  to  2135  m  in 
Washington  County;  Nevada,  Arizona,  and 
California;  10  (ii).  All  material  from  Utah  ex- 
amined by  me  belongs  to  var.  sulcatum 
(Wats.)  Munz  &  Reveal  [E.  sulcatum  Wats., 
type  from  near  St.  George].  The  var.  sub- 
racemosum  (Stokes)  Reveal  [E.  hoivellii  var. 
suhracemosum  Stokes]  is  present  in  the  re- 
gion also.  It  differs  in  having  stems  less  an- 
gled and  involucres  more  racemosely 
arranged. 
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Eriogonum  heracleoides  Nutt.  Whorled 
Buckwheat.  [£.  heracleoides  var.  utahense 
Gandg.,  type  from  Cache  County].  Perennial, 
mat-forming,  mainly  2-6  dm  across;  vegeta- 
tive stems  persistent,  the  branches  woody  and 
more  or  less  clothed  with  persistent,  gray  to 
brown  or  blackish  leaves  and  bases;  flowering 
stems  with  whorled  leaves  near  the  middle, 
arising  from  rosettelike  bases,  mainly  1.5-5 
dm  tall;  leaves  2-7  cm  long,  3-15  mm  wide, 
the  blades  elliptic  to  oblong  or  oblanceolate, 
tomentose  on  one  or  both  sides,  entire,  flat  or 
essentially  so;  petioles  3-30  mm  long;  in- 
florescences umbellate  or  twice  umbellate, 
rarely  capitate,  tomentose;  involucres  sessile 
or  on  stipes  to  40  mm  long,  obconic  to  camp- 
anulate,  4-10  cm  long,  the  lobes  subequal  to 
the  tube  or  longer;  flowers  white  or  cream 
(or  yellow),  4-9  mm  long,  including  the  stipi- 
tate  base,  the  segments  spatulate  to  elliptic 
or  oblong;  achenes  2-5  mm  long.  Sagebrush, 
mountain  brush,  juniper,  pinyon-juniper, 
Douglas  fir,  and  aspen  commimities  at  1310 
to  3050  m  in  Box  Elder,  Cache,  Daggett, 
Davis,  Duchesne,  Juab,  Millard,  Cache,  Salt 
Lake,  Sanpete,  Summit,  Tooele,  Uintah, 
Utah,  and  Wasatch  counties;  Canada,  south 
to  California,  Nevada,  and  Wyoming;  83  (ii). 
This  plant  forms  putative  hybrids  with  phases 
of  E.  umbellatwn.  A  specimen  with  features 
of  E.  heracleoides  but  with  yellow  flowers 
(Neese  14148  BRY)  might  indicate 
hybridization. 

Eriogonum  hookeri  Wats.  Watson  Buck- 
wheat. [E.  deflexiim  ssp.  hookeri  (Wats.) 
Stokes;  E.  deflexum  ssp.  hookeri  var.  gilviim 
Stokes,  type  from  American  Fork  Canyon]. 
Annuals,  mainly  8-60  mm  tall;  leaves  all  ba- 
sal; blades  mainly  10-50  mm  long  and  as 
broad  or  broader,  orbicular  to  reniform,  to- 
mentose on  both  sides,  obtuse  to  cordate  ba- 
sally,  flat  to  vmdulate;  inflorescences 
glabrous,  umbrellalike;  involucres  sessile,  def- 
lexed,  campanulate  to  hemispheric,  1-2  mm 
long,  glabrous;  flowers  yellow,  soon  suffused 
with  pink  to  dark  red,  1.5-2.7  mm  long, 
glabrous,  the  outer  segments  cordate,  the  in- 
ner ones  narrower;  achenes  2-2.5  mm  long. 
Mixed  desert  shrub,  sagebrush,  pinyon-juni- 
per, aspen,  and  spruce-fir  communities  at 
1135  to  3050  m  in  Beaver,  Box  Elder,  Car- 
bon, Duchesne,  Emery,  Garfield,  Iron,  Juab, 
Millard,  Piute,  San  Juan,  Sevier,  Tooele,  Uin- 


tah, Utah  (type  from  American  Fork  Can- 
yon), and  Wayne  counties;  Wyoming,  Colo- 
rado, Arizona,  Nevada,  and  California;  70 
(xviii). 

Eriogonum  howellianum  Reveal  Howell 
Buckwheat.  Annual,  5-30  cm  tall,  simple  or 
branched  from  the  base;  leaves  all  basal; 
blades  6-25  (30)  mm  long  and  about  as  wide, 
oval  to  suborbicular,  pubescent  with  long, 
soft,  spreading  hairs  on  at  least  the  lower  sur- 
face, obtuse  to  subcordate  basally;  petioles 
3-40  mm  long;  inflorescences  divaricately 
branched,  the  branches  with  scattered,  stipi- 
tate,  dark  glands;  involucres  with  filiform 
stipes  3-20  mm  long  or  more,  obconic  to 
campanulate,  glabrous,  1.3-2  mm  long,  usual- 
ly 5-toothed;  flowers  yellowish  or  reddish, 
1-2  mm  long,  the  segments  lanceolate,  most- 
ly obscured  by  spreading-villous  hairs; 
achenes  1.5-2  mm  long.  Desert  shrub,  desert 
almond,  and  shadscale  communities  at  1460 
to  1740  m  in  Juab,  Millard  (type  from  SE  of 
Garrison),  and  Tooele  counties;  Nevada;  a 
Great  Basin  endemic;  8  (i).  This  taxon  is  al- 
lied to  E.  inflatum  and  E.  flexum. 

Eriogonum  inflatum  T.  &  G.  Bottlebush; 
Bottlestopper;  Desert  trumpet.  Annual  or 
perennial  herbs,  mainly  8-100  cm  tall;  leaves 
all  basal;  blades  4-30  mm  long  and  about  as 
wide  or  wider,  orbicular  to  oblong  or  reni- 
form, hirtellous  on  one  or  both  sides,  obtuse 
to  cordate  basally,  entire  to  undulate-crisped; 
petioles  0.5-6  cm  long;  peduncles  and  usually 
the  primary  and  secondary  rays  of  in- 
florescence inflated,  rarely  not;  inflorescence 
umbellate-cymose;  involucres  borne  on 
glabrous,  capillary  to  filiform  stipes  5-45  mm 
long  or  more,  obconic,  0.7-1.5  mm  long, 
glabrous,  the  5  lobes  acutish;  flowers  yellow 
or  reddish,  1-2.5  mm  long,  densely  strigose, 
the  segments  lanceolate  to  ovate;  achenes 
2-2.5  mm  long.  Warm  desert  shrub,  mixed 
desert  shrub,  salt  desert  shrub,  and  pinyon- 
juniper  communities  at  760  to  1955  m  in 
Carbon,  Duchesne,  Emery,  Garfield,  Grand, 
Kane,  San  Juan,  Uintah,  Washington,  and 
Wayne  counties;  California,  Nevada,  Colo- 
rado, Arizona,  New  Mexico,  and  Mexico;  90 
(xvii).  Annuals  within  this  species  have  been 
regarded  as  var.  fusiforme  (Small)  Reveal  [E. 
fusifonne  Small],  and  perennials  as  var.  in- 
flatum. The  former  occurs  at  the  margins  of 
the  range  of  the  latter,  but  is  also  sympatric. 
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The  segregation  appears  to  be  moot,  owing  long,   including  the  stipitate  base,   the  seg- 

to  the  flowering  of  specimens  of  both  phases  ments  spatulate  to  obovate;  achenes  4-5  mm 

during  the  initial  year.  long.    Sagebnish,    mountain    brush,    pinyon- 

Eriogonum  insigne  Wats.  Unique  Buck-  juniper,  and  ponderosa  pine  communities  at 
wheat.  [E.  deflexiaii  var.  insigne  (Wats.)  1585  to  2685  m  in  Carbon,  Duchesne, 
Jones;  E.  deflexum  ssp.  insigne  (Wats.)  Emery,  Kane,  San  Juan,  Sevier,  Washington, 
Stokes;  E.  exaltaiwn  Jones;  E.  deflexum  ssp.  and  Wayne  counties;  Wyoming  to  Kansas, 
exaltatinn  (Jones)  Stokes].  Annuals,  mainly  south  to  Arizona,  New  Mexico,  Texas,  and 
8-100  cm  tall;  leaves  all  basal;  blades  8-50  Mexico;  40  (viii).  This  is  a  remarkably  beauti- 
mm  long  (or  more)  and  as  wide  or  wider,  or-  ful  species,  with  its  bright  sulphur-yellow 
bicular  to  reniform,  obtuse  to  cordate  basally,  flowers.  The  species  varies  from  population 
tomentose  on  one  or  both  sides;  petioles  to  population,  and  specimens  from  Utah  have 
0.6-10  cm  long;  peduncles  simple  or  been  regarded  as  belonging  to  two  varieties, 
branched  from  the  base,  inflorescences  open  although  more  segregation  seems  possible, 
cymose,  the  branches  glabrous,  erect  to  Dwarf  plants  from  Washington  and  adjacent 
spreading;  involucres  sessile  or  with  stipes  to  Kane  counties  have  pilose  hairs  over  the  to- 
6  mm  long,  obconic  to  campanulate,  2-3  mm  mentum  on  the  upper  leaf  surfaces;  they  be- 
long, glabrous,  the  5  teeth  obtusish;  flowers  long  to  var.  rupicola  Reveal  (type  from  Zion 
white  or  suffused  with  pink,  1.5-2  mm  long,  National  Park).  The  remainder  of  the  Utah 
glabrous,  the  outer  segments  cordate  to  ob-  specimens  are  included  within  var.  flavescens 
long-cordate,  the  inner  ones  narrower;  ach-  Wats.,  but  that  taxon  consists  of  variants  of 
enes  2-2.5  mm  long.  Creosote  bush,  other  about  equal  value  to  var.  rupicola.  Specimens 
warm  desert  shrub,  and  mixed  desert  shrub  from  San  Juan  County  have  capitate  in- 
commimities  at  730  to  1170  m  in  Iron  (type  florescences,  and  material  from  western 
from  Red  Creek)  and  Washington  counties;  Emery  County  has  huge  involucres. 
California,  Nevada,  and  Arizona;  6  (0).  Eriogonum   leptocladon   T.   &   G.   Sand 

Eriogonum  jamesii  Benth.  in  DC.  James  Buckwheat.  Shrubs,  mainly  2-10  dm  tall  or 
Buckwheat.  Matforming  perennials,  mainly  more,  clump  forming;  leaves  often  deciduous 
1-6  dm  wide;  vegetative  stems  persistent,  the  at  anthesis,  mainly  10-45  mm  long,  2-10  mm 
branches  woody,  usually  clothed  with  per-  wide,  linear  to  narrowly  lanceolate  or  oblan- 
sistent,  ashy  to  dark  brown  leaf  bases;  flower-  ceolate,  more  or  less  revolute  to  flat,  tomen- 
ing  stems  subscapose,  arising  from  rosettelike  tose  on  one  or  both  sides;  petioles  1-6  mm 
branches,  mainly  6-30  cm  long;  leaves  1-9  long;  inflorescences  tomentose  or  glabrous, 
cm  long,  4-20  mm  wide,  the  blades  elliptic  much  longer  than  the  vegetative  stems;  in- 
to obovate  or  ovate,  tomentose  on  one  or  volucres  cymose-racemose,  sessile  or  nearly 
both  sides,  entire  or  undulate,  flat  or  essen-  so,  obconic  to  campanulate,  1.5-3  mm  long, 
tially  so;  petioles  0.5-6  cm  long;  in-  glabrous  or  tomentose,  the  5  teeth  acute  to 
florescences  capitate  or  once  or  twice  umbel-  rounded;  flowers  yellow,  yellowish,  or  white 
late,  tomentose,  with  foliose  bracts  at  the  and  often  suffused  with  pink,  2-3.5  mm  long, 
nodes;  involucres  sessile,  campanulate,  3-14  glabrous,  the  segments  obovate;  achenes 
mm  long,  tomentose,  the  5-8  teeth  obtusish,  2.5-3.5  mm  long.  Three  rather  weak  varieties 
erect  to  spreading;  flowers  yellow,  4-11  mm  are  present. 

1.  Flowers  yellow;  plants  of  the  central  Canyonlands  vicinity  

E.  leptoclado7i  var.  leptocladon 

—  Flowers  white;  plants  sometimes  distributed  as  above,  or  otherwise 2 

2(1).         Branches  of  inflorescence  yellowish  green,  glabrous  or  rarely  tomentose;  plants 

of  Garfield  and  Kane  counties  E.  leptocladon  var.  papiliunculum 

—  Branches  of  inflorescence  green  to  gray-green,  tomentose  or  glabrous;  plants  of 
broad  or  other  distribution E.  leptocladon  var.  ramosissimum 

Var.  leptocladon  [E.  microthecum  var.  lep-  pallidum  var.  shandsii  Stokes,  type  from  In- 

tocladon  (T.  &  G.)  T.  &  G.;  E.  effusum  ssp.  dian  Creek,  San  Juan  County].  Purple-sage, 

leptocladon  (T.  &  G.)  Stokes;  E.  effusum  ssp.  ephedra,    sand    sagebrush,    blackbrush,    salt- 
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bush,  and  pinyon-juniper  communities,  usual- 
ly in  sand  or  on  stabilized  dunes,  at  1340  to 
1895  m  in  Emery,  Garfield,  Grand  (type  from 
Green  River),  San  Juan,  Sevier,  and  Wayne 
comities;  endemic;  39  (x).  This  phase  forms 
putative  hybrids  withE.  conjmbosum  var.  cor- 
ymbosum  '(Neese  6829  -6833  BRY).  The  ap- 
parent backcrosses  to  conjmbosum  have 
broad  leaves  and  yellowish  flowers  or  are 
broad  leaved  and  have  white  or  pinkish  flow- 
ers. The  latter  plants  simulate  var.  ramosissi- 
miim  and  suggest  at  least  one  possible  origin 
for  that  entity. 

Var.  papiliunculum  Reveal  Little-butterfly 
Buckwheat.  Ephedra-vanclevea,  sand  sage- 
bmsh,  other  sand  desert  shrub,  and  juniper 
commimities  at  1400  to  1830  m  in  Garfield, 
Kane,  San  Juan,  and  Wayne  counties;  Ari- 
zona (?);  10  (ii).  These  plants  have  broader 
leaves  than  in  var.  leptocladon  and  yellowish 
green  inflorescences.  They  are  intermediate 
in  most  respects  between  var.  ramosissimiim 
and  E.  corymbostim  with  possibly  both  vars. 
conjmbosum  and  var.  oureum  as  contributors. 
Specimens  transitional  to  both  var.  romosissi- 
mum  and  E.  corymhosum  var.  oureum  are 
known. 

Var.  ramosissimum  (Eastw.)  Reveal  East- 
wood Buckwheat.  [£.  ramosissimum  Eastw., 
type  from  near  Butler  Wash,  San  Juan  Coun- 
ty]. Vanclevea,  yucca,  purple-sage,  sand  sage- 
bmsh,  blackbrush,  and  juniper  communities 
at  1310  to  1770  m  in  Garfield,  Kane,  San 
Juan,  and  Wayne  counties;  Arizona,  Colo- 
rado, and  New  Mexico;  14  (ii).  This  plant  ap- 
pears to  be  closely  allied  to  E.  wrightii,  q.v. 

Eriogonum  lonchophyllum  T.  &  G.  Long- 
leaf  Buckwheat.  Subshrubs  or  shrubs,  mainly 


8-80  cm  tall;  vegetative  branches  with  leaves 
all  at  base  of  current  growth  or  with  leaves 
separated  by  elongated  internodes;  leaves 
mainly  2-11  cm  long,  2-12  mm  wide,  linear 
to  elliptic,  lanceolate,  or  oblanceolate,  to- 
mentose  on  one  or  both  sides,  margins  entire 
to  crenate,  plane  to  revolute;  petioles  3-20 
mm  long;  peduncles  and  inflorescences 
glabrous  or  tomentose,  cymose-corymbose  to 
cymose-capitate;  involucres  usually  sessile, 
obconic  to  campanulate,  2-4  mm  long, 
glabrous,  5-lobed;  flowers  white,  cream,  or 
suffvised  with  pink,  2-4  mm  long,  glabrous, 
the  segments  subequal;  achenes  2.5-3.5  mm 
long.  As  is  typical  of  other  species  complexes 
in  the  perennial  versus  shrubby  species  in 
Eriogonum,  the  E.  lonchophylhnn  phases 
demonstrate  genetic  compatibility  with 
members  of  other  complexes.  And,  these  like- 
wise tend  to  precipitate  out  more  or  less  uni- 
form phases  on  distinctive  soils  or  geologic 
substrates.  Problems  of  interpretation  of  the 
distinctive  groupings,  their  origins,  and  rela- 
tionships are  not  made  easier  by  the  linear 
system  of  classification  and  nomenclature 
usual  in  plant  taxonomy.  Instead  of  taxa  (both 
ecotypes  and  microspecies)  being  related  by 
descent  from  a  common  ancestor,  they  might 
have  resulted  from  a  reticulate  relationship 
involving  two  or  more  parental  taxa.  There 
are  two  more  or  less  distinctive  taxa  in  Utah 
that  fall  within  the  circumscription  of  E.  lon- 
cliophyUum,  as  described  above.  In  species  of 
genera  in  other  families  these  would  be  re- 
garded as  belonging  to  the  same  taxon,  in  a 
broad  sense,  but  here  they  might  have  had 
separate  origins.  The  following  treatment  is, 
therefore,  tentative. 


Plants  acaulescent  or  essentially  so,  the  internodes  of  vegetative  stems  very 

short;  growing  on  ridge  crests  along  the  Tavaputs  divide  and  elsewhere 

E.  lonchophyllum  var.  lonchophyllum 

Plants  definitely  caulescent,  the  internodes  of  vegetative  stems  readily  appar- 
ent; growing  on  Mowry  Shale  and  closely  adjacent  strata  in  northern  Uintah 
Coimtv E.  lonchophyllum  var.  saurinum 


Var.  lonchophyllum  [E.  intermontanum 
Reveal,  type  from  the  Roan  Cliffs,  Grand 
County].  Sagebrush,  mountain  brush,  and 
Douglas  fir  commimities,  mainly  on  Green 
River  and  other  calcareous  formations]  at 
2285  to  2745  m  in  Emery,  Grand,  and  Uintah 


counties;  Colorado  and  New  Mexico;  11  (ii). 
This  variety  forms  intermediates  with  E.  cor- 
ymbosum  downslope  in  Uintah  County  (the 
Rainbow  phase);  21  (0).  The  apparent  hybrids 
are  transitional  from  one  extreme  to  the 
other,   with   individuals  simulating  not  only 


540 


Great  Basin  Naturalist 


Vol.  44,  No.  4 


var.  satiriniim  but  also  the  E.  kincifolium  and 
E.  conjmhoswn  var.  davidsei  phases  o  E.  cor- 
ymbosum  var.  corymbosum  (q.v.).  The  sim- 
ilarity of  this  taxon  to  both  E.  batemanii  var. 
batemanii  and  E.  spathtdatum  is  great.  It  is 
likewise  similar  to  E.  brevicaide  through  the 
var.  promiscuum. 

Var.  saurinum  (Reveal)  Welsh  comb.  nov. 
[based  on:  E.  saurinum  Reveal  Great  Basin 
Nat.  27:  196.  1968].  Dinosaur  Buckwheat. 
Eriogonum,  juniper,  serviceberry,  pinyon- 
juniper,  and  ponderosa  pine,  mainly  on 
Wasatch,  Mowry,  Curtis,  Entrada,  Carmel, 
and  Moenkopi  formations,  at  1585  to  1895  m 
in  northern  Uintah  (type  from  10  mi  E  of 
Vernal)  County;  endemic;  33  (vi).  Much  of 
var.  saurinum  grows  on  the  siliceous,  acidic 
Mowry  Shale  Formation.  That  material, 
though  variable,  is  the  most  uniform  phase  of 
the  variety.  Evidence  exists  that  even  the 
Mowry  Shale  phase  is  partially,  at  least,  a 
product  of  introgression  with  E.  corymbosum. 
On  other  formations  adjacent  to  the  Mowry 
Shale  the  plants  vary  from  the  type;  e.g.,  in 
the  Steinaker  Reservoir  area  (Curtis,  Entrada, 
and  Carmel  formations)  the  inflorescences 
are  suggestive  of  those  of  E.  brevicaule  var. 
virididum  on  the  one  hand  and  E.  micro- 
thecum  on  the  other;  in  the  Asphalt  Ridge 
(Wasatch  Formation)  vicinity  the  plants  bear 
features  of  E.  corymbosum  and,  in  the  Bour- 
dette  Draw  vicinity  (Moenkopi  Formation), 
south  of  Blue  Mountain,  the  plants  again 
share  features  of  E.  brevicaule,  in  a  broad 
sense.  Though  trends  exist  that  indicate  di- 
rect relationship  with  E.  lonchopJujUum,  this 
variety  might  represent  mainly  recombinants 
of  various  E.  brevicaule  and  E.  corymbosum 
introgressants.  More  work  is  indicated. 

Eriogonum  maculatum  Heller  Spotted 
Buckwheat.  [£.  angulosum  var.  maculatum 
(Heller)  Jepson;  E.  angulosum  ssp.  macula- 
tum (Heller)  Stokes].  Annuals,  mainly  8-37 
cm  tall  or  more;  leaves  basal  and  cauline  (fo- 
liose  bracteate);  basal  leaf  blades  5-25  mm 
long,  3-15  mm  wide,  oval  to  obovate  or  el- 
liptic, tomentose  on  one  or  both  sides; 
petioles  3-15  mm  long;  bracteate  leaves  re- 
duced and  becoming  sessile  upward;  in- 
florescences tri-  or  dichotomous,  tomentose; 
involucres  on  filiform  stipes  5-30  mm  long  or 
more,  broadly  campanulate,  1-2.5  mm  long, 


glandular-puberulent,  with  5  broad  teeth; 
flowers  white  to  yellowish  or  pink,  1.5-2.8 
mm  long,  glandular-puberulent,  the  outer 
segments  ovate  and  cupulate,  shorter  than 
the  slender  inner  ones;  achenes  1-1.5  mm 
long.  Creosote  bush,  Joshua  tree,  blackbrush, 
pinyon-juniper,  live  oak,  and  mixed  desert 
shrub  communities,  at  730  to  1830  m  in  Box 
Elder,  Juab,  Millard,  Tooele,  and  Washington 
counties;  Washington  and  Idaho,  south  to 
California,  Nevada,  and  Arizona;  25  (iv). 

Eriogonum  microthecum  Nutt.  Slender 
Buckwheat.  Shrubs,  mainly  4-100  cm  tall, 
clump  forming;  leaves  4-35  mm  long,  1-7 
mm  wide,  elliptic  to  linear  or  oblanceolate, 
tomentose  on  one  or  both  sides,  the  margins 
flat  or  revolute;  petioles  1-5  mm  long;  in- 
florescences cymose,  the  branches  ascending 
to  spreading,  glabrous  or  tomentose;  in- 
volucres sessile  to  short-stipitate,  obconic, 
1-3.5  mm  long,  tomentose  or  glabrous,  with 
5  obtusish  to  rounded  teeth;  flowers  white  or 
suffused  with  pink,  2-3.2  mm  long,  glabrous, 
the  segments  obovate;  achenes  2-3  mm  long. 
Salt  desert  shrub,  mixed  desert  shrub,  sage- 
brush, pinyon-juniper,  pondorosa  pine,  moun- 
tain brush,  and  white  fir  communities  at  1 125 
to  2900  m  in  all  Utah  Counties  (except  San- 
pete, Duchesne,  Wasatch,  Salt  Lake,  Davis, 
Weber,  and  Morgan);  Washington  to  Mon- 
tana, south  to  California,  Nevada,  Arizona, 
and  New  Mexico;  166  (xxxvi).  There  are  two 
intergrading  phases  of  this  species  in  Utah, 
distinguished  only  by  leaves  being  flat  or 
revolute.  The  former  have  been  designated  as 
var.  laxiflorum  Hook.  [E.  tenellum  var.  gran- 
diflorum  Gand,  type  from  Utah],  and  the  lat- 
ter as  var.  foliosum  (T.  &  G.)  Reveal  [E.  ef- 
fusurn  var.  foliosum  T.  &  G.;  E.  simpsonii 
Benth.  in  DC;  E.  friscanum  Jones,  type  from 
Frisco;  E.  nelsonii  L.  O.  Williams,  type  from 
Geyser  Basin,  San  Juan  County].  Specimens 
that  are  intermediate  between  E.  micro- 
thecum and  E.  brevicaule  are  known  (Neese 
14531  a  —  c  BRY),  and  likewise  with  E.  lon- 
chophyllum  var.  saurinum  (Neese  8495  BRY). 
Despite  its  tendency  to  form  intermediates 
with  other  taxa,  the  slender  buckwheat  is  not 
known  to  hybridize  with  E.  corymbosum, 
with  which  it  is  typically  contrasted  in  keys. 
A  report  of  E.  leptophyllum  (Torr.)  Woot.  & 
Standi,  belongs  here. 
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Eriogonum  nidularium  Cov.  Birdnest 
Buckwheat.  Annuals,  mainly  5-20  cm  tall, 
usually  with  erect-ascending  branches  from 
near  the  base;  leaves  all  basal,  3-20  mm  long 
and  as  wide,  orbicular,  tomentose  on  one  or 
both  sides;  petioles  4-30  mm  long;  in- 
florescences densely  branched,  tomentose;  in- 
volucres sessile,  obconic,  0.6-1  mm  long,  ap- 
pressed-erect,  5-toothed;  flowers  yellowish  or 
reddish,  1.5-3  mm  long,  glabrous,  the  outer 
segments  broadly  obovate  to  flabellate,  the 
inner  ones  narrower;  achenes  ca  1  mm  long. 
Mixed  desert  shrub  at  ca  1065  to  1220  m  in 
Washington  County;  Oregon  to  Idaho,  south 
to  California  and  Arizona;  3  (0). 


Eriogonum  nummulare  Jones  Coin  Buck- 
wheat. Shrubs  or  subshrubs,  sprawling  to 
erect,  mainly  1-8  dm  tall,  clump  forming; 
leaves  4-30  mm  long,  4-17  mm  wide,  orbicu- 
lar to  elliptic,  lanceolate,  or  obovate,  tomen- 
tose on  both  surfaces,  plane  or  undulare;  pet- 
ioles 1-15  mm  long;  inflorescences  cymose  or 
cymose-racemose,  tomentose  or  glabrous,  the 
branches  erect-ascending  or  spreading;  in- 
volucres sessile  or  on  stipes  1-2  mm  long,  ob- 
conic, 1.5-3.5  mm  long,  tomentose  or 
glabrous,  5-toothed;  flowers  white  or  suffused 
with  pink,  1.5-3  mm  long,  the  segments  obo- 
vate to  oblong;  achenes  1.5-3.5  mm  long. 
Two  varieties  occur  in  Utah. 


1. 


Inflorescences   glabrous;    involucres   narrowly   obconic,   glabrous;   plants 

imcommon  E.  nwnmulare  var.  ammophilum 

Inflorescences    tomentose;    involucres    broadly    obconic,    tomentose;    plants 
locally  common E.  numrnulare  var.  nummulare 


Var.  ammophilum  (Reveal)  Welsh  comb, 
nov.  [based  on:  E.  ammophilum  Reveal 
Phytologia  23:  163.  1972].  Ibex  Buckwheat. 
Shadscale,  horsebrvish,  winterfat,  rabbitbrush, 
ephedra,  and  pinyon-juniper  communities  at 
1460  to  1830  m  in  Millard  (type  from  Ibex 
Warm  Point)  County;  endemic;  8  (v).  These 
plants  are  intermediate  between  E.  nummu- 
lare, in  a  strict  sense,  and  E.  batemanii  var. 
eremicum.  They  share  the  caulescent  habit  of 
the  former  with  the  glabrous  inflorescences 
and  involucres  of  the  latter.  The  distribution 
is  intermediate  between  the  two. 

Var.  nummulare  [E.  kearneiji  Tidestr.,  type 
from  W  of  Tooele;  E.  dudleijanum  Stokes, 
type  from  Skull  Valley].  Fourwing  saltbush, 
rabbitbrush,  sagebrush,  salt  desert  shrub,  and 
juniper  commimities  at  1095  to  1985  m  in 
Juab,  Kane,  Millard,  Tooele  (type  from 
Dutch  Mountain),  and  Washington  counties; 
California,  Nevada,  and  Arizona;  30  (v). 
Specimens  from  sandy  areas  of  eastern 
Tooele  County  (the  kearneiji  phase)  south  to 
Kane  and  Washington  counties  have  leaves 
proportionally  longer  than  broad,  but  the 
variation  is  continuous  westward  with  more 
typical  material. 

Eriogonum  nutans  T.  &  G.  Dugway  Buck- 
wheat. [£.  deflexum  ssp.  ultrum  Stokes,  type 
from  Sevier  Valley;  E.  rubiflorum  Jones,  type 
from  Dugway,  Tooele  County].  Annuals, 
mainly  5-30  cm  tall;  leaves  all  basal;  blades 


5-25  mm  long  and  as  wide  or  wider,  orbicu- 
lar to  reniform,  obtuse  to  cordate  basally,  to- 
mentose on  one  or  both  sides;  petioles  5-28 
mm  long;  inflorescences  more  or  less  tri- 
chotomously  branched,  glabrous  or  more  or 
less  stipitate-glandular;  involucres  with  slen- 
der stipes  mainly  3-12  mm  long,  finally  de- 
curved,  broadly  campanulate,  2-3  mm  long, 
more  or  less  glandular,  the  5  teeth  with  hya- 
line margins;  flowers  white  or  suffused  with 
pink  or  red,  glabrous,  2-3  mm  long,  the  outer 
segments  oblong-obovate,  the  inner  ones  nar- 
rower; achenes  1.5-2  mm  long.  Shadscale 
and  sagebrush  communities  at  ca  1525  to 
1830  m  in  Beaver,  Carbon,  Sevier,  and 
Tooele  counties;  Oregon  and  Nevada;  3  (i). 

Eriogonum  ovalifolium  Nutt.  Cushion 
Buckwheat.  Pulvinate-caespitose,  often 
mound-forming  perennials,  mainly  0.5-4  dm 
across;  vegetative  branches  clothed  with  per- 
sistent, ashy  to  black  leaf  bases,  terminated 
by  rosettes  of  leaves;  fertile  stems  scapose, 
1-30  cm  tall;  leaf  blades  2-6  cm  long,  1-15 
mm  wide,  tomentose  on  both  surfaces,  or- 
bicular to  elliptic,  oblanceolate,  or  spatulate; 
petioles  1-50  mm  long  or  more;  in- 
florescences capitate,  tomentose;  involucres 
solitary  or  few  to  several,  obconic  to  cam- 
panulate, 2-5.6  mm  long,  tomentose,  with  5 
teeth;  flowers  white,  cream,  yellow,  or  suf- 
fused with  pink,  red,  or  purple,  3-7  mm  long, 
glabrous,  the  outer  segments  oval  to  orbicu- 
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lar,  the  inner  ones  narrower;  achenes  2-3  mm 
long.  Shadscale,  bullgrass,  winterfat,  Grayia, 
sagebnish,  pinyon-juniper,  fringed  sagebrush, 
and  alpine  meadow  communities  at  1370  to 
3420  m  in  Beaver,  Box  Elder,  Carbon,  Dag- 
gett, Duchesne,  Emery,  Garfield,  Grand, 
Iron,  Juab,  Kane,  Millard,  Salt  Lake,  San 
Juan,  Sanpete,  Sevier,  Tooele,  Uintah,  Utah, 
Washington,  Wayne,  and  Weber  counties; 
Canada,  south  to  California,  Arizona,  and 
New  Mexico;  202  (xxv).  This  species  has  been 
treated  as  having  three  varieties  in  Utah;  var. 
ovalifolium  [E.  ovalifolium  var.  utahense 
Gandg.,  type  from  Cache  County?],  with 
white  or  whitish  flowers  that  ultimately  turn 
pink,  red,  or  purple;  var.  miiltiscapum 
Gandg.,  with  yellow  flowers;  and  var.  nivale 
(Canby)  Jones  [E.  nivale  Canby],  a  dwarf, 
small-flowered  plant  of  high  elevations.  The 
segregation  has  not  proved  to  be  more  than 
arbitrary,  with  diagnostic  features  segregat- 
ing specimens,  not  taxa. 

Eriogonum  palmerianum  Reveal  in  Munz 
Palmer  Buckwheat.  [E.  phtmatella  var.  pal- 
meri  T.  &  G.;  E.  haileyi  var.  tomentosiim 
Wats.].  Annuals,  mainly  6-25  (30)  cm  tall; 
leaves  all  basal;  blades  4-23  mm  long  and  as 
wide  or  wider,  orbicular  to  subreniform,  ob- 
tuse to  cordate  basally,  tomentose  on  one  or 
both  sides;  petioles  3-40  mm  long;  in- 
florescences branched  from  near  the  base,  to- 
mentose, the  branches  often  divaricate;  in- 
volucres sessile,  appressed,  obconic,  1.2-2 
mm  long,  tomentose,  with  5  acute  teeth; 
flowers  white  or  pink,  1.5-2.4  mm  long, 
glabrous,  the  outer  segments  broadly  oblan- 
ceolate  or  obovate,  the  inner  ones  narrower; 
achenes  1.5-2  mm  long.  Blackbrush,  shad- 
scale,  cheatgrass,  rabbitbrush,  desert  almond, 
sagebnish,  and  pinyon-juniper  communities 
at  1155  to  1985  m  in  Beaver,  Box  Elder,  Gar- 
field, Grand,  Kane,  Millard,  San  Juan,  Sevier, 
Tooele,  and  Washington  counties;  Nevada  to 
Colorado,  California,  Arizona,  and  New  Mex- 
ico; 44  (x). 

Eriogonum  panguicense  (Jones)  Reveal 
Panguitch  Buckwheat.  [E.  pauciflorum  var. 
panguicense  Jones,  type  from  Panguitch;  E. 
spathulatum  var.  panguicense  (Jones)  Stokes; 
E.  chrysocephalum  var.  alpestre  Stokes,  type 
from  Cedar  Breaks;  E.  panguicense  var.  al- 
pestre (Stokes)  Reveal].  Pulvinate  to  caespi- 
tose  perennial  herbs,  mainly  5-20  cm  across; 


vegetative  stems  abbreviated,  more  or  less 
clothed  with  ashy  to  black  leaf  bases  and  ter- 
minated by  clustered  leaves;  flowering  stems 
scapose,  2-30  cm  long,  glabrous;  leaves  4-70 
mm  long,  2-8  (10)  mm  wide,  linear  to  ellip- 
tic, oblanceolate,  lanceolate,  ovate,  or  obo- 
vate, obtuse  to  cuneate  basally,  plane  or 
somewhat  revolute;  petioles  1-12  mm  long; 
inflorescences  glabrous,  capitate  or  rarely 
branched;  involucres  sessile,  several,  obconic 
to  campanulate,  2-3.7  mm  long,  the  5  teeth 
acute  to  obtuse;  flowers  white,  often  suffused 
with  red,  2-3  mm  long,  glabrous,  the  seg- 
ments oblong  to  lance-oblong;  achenes  3—4 
mm  long.  Pinyon-juniper,  sagebrush,  ponde- 
rosa  pine,  pygmy  sagebrush,  bristlecone  pine, 
and  spruce-fir  communities,  usually  on  lime- 
stone, at  1675  to  3355  m  in  Garfield,  Iron, 
Kane,  Sevier,  and  Washington  counties;  en- 
demic; 48  (xi).  This  attractive  buckwheat  is 
closely  allied  to  both  E.  batemanii  and  E. 
spathulatum,  with  whom  it  is  partially  sym- 
patric.  The  species  differs  from  both,  how- 
ever, in  the  usually  unbranched  in- 
florescences and  smaller  stature.  It  consists  of 
a  series  of  more  or  less  disjunct  populations 
growing  on  peculiar  calcareous  strata.  Each 
population  differs  in  subtle  ways  from  all 
others,  and,  if  one  is  chosen  for  varietal  stat- 
us, the  remainder  require  similar  recognition. 
The  overall  status,  as  a  mosiac  of  variation, 
seems  to  dictate  against  recognition  of  in- 
fraspecific  categories. 

Eriogonum  pharnaceoides  Torr.  in  Sitgr. 
Wirestem  Buckwheat.  Annuals,  mainly  6-30 
cm  long;  leaves  basal  and  cauline  (foliose 
bracteate);  blades  8-35  mm  long,  1-6.5  mm 
wide,  linear  to  narrowly  oblanceolate,  to- 
mentose on  one  or  both  sides;  petioles  1-5 
mm  long  or  lacking;  inflorescences  cymose, 
tomentulose;  involucres  on  filiform  stipes 
mostly  8-50  mm  long,  these  often  curved, 
campanulate,  usually  pilose,  3-4  mm  long, 
with  5  oblong  teeth;  flowers  yellow,  2-3  mm 
long,  glabrous,  the  outer  segments  cordate 
and  more  or  less  cupulate,  the  inner  ones  nar- 
rower and  surpassing  the  outer;  achenes 
1.5-2  mm  long.  Pinyon-juniper  and  pon- 
derosa  pine  communities  at  ca  1830  to  2640 
m  in  Iron  and  Washington  counties;  Nevada, 
Arizona,  and  New  Mexico;  5  (0).  Our  mate- 
rial belongs  to  var.  cervinum  Reveal  (type 
from  Pine  Valley  Mts.). 
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Eriogonum   polycladon    Benth.   in    DC. 

Leafy  Buckwheat.  [E.  vimineum  ssp.  poly- 
cladon (Benth.)  Stokes].  Annuals,  mainly 
15-60  cm  tall,  the  leafy  stems  erect;  leaves 
basal  and  cauline;  blades  6-18  mm  long,  4-13 
mm  wide,  obovate  to  elliptic,  ovate,  or  sub- 
orbicular,  tomentose  on  one  or  both  sides; 
petioles  2-15  mm  long;  inflorescences  tomen- 
tose, the  branches  erect-ascending;  involucres 
sessile,  appressed-erect,  1.5-2.5  mm  long, 
glabrous  or  tomentose,  with  5  obtuse  teeth; 
flowers  white  or  suffused  with  pink,  1.5-2.5 
mm  long,  glabrous,  the  outer  segments  broad- 
ly obovate,  the  inner  somewhat  narrower; 
achenes  1-1.5  mm  long.  Sagebrush  and  pi- 
ny on-juniper  communities  at  ca  1675  to  1830 
m  in  Kane  and  Washington  counties;  Ari- 
zona, New  Mexico,  Texas,  and  Mexico;  6  (ii). 
Eriogonum  puberulutn  Wats.  Red  Creek 
Buckwheat.  Annuals,  mainly  4-30  cm  tall; 
leaves  basal  and  cauline  (leafy  bracteate); 
blades  2-15  mm  long  and  about  as  wide,  obo- 
vate to  orbicular,  pubenilent  to  pilosulose  on 
one  or  both  sides;  petioles  1-1.5  mm  long;  in- 
florescences puberulent,  more  or  less  dichoto- 
mously  branched;  involucres  obconic,  0.6-1.5 
mm  long,  mainly  obscured  by  cupulate,  long- 
lobed,  nodal  bracts,  with  5  obtuse  lobes; 
flowers  white  or  suffused  with  red,  1.5-2.2 
mm  long,  glabrous  or  scabrous,  the  segments 
oblong,  sometimes  somewhat  cordate  basally; 
achenes  ca  1  mm  long.  Blackbnish,  pinyon- 
juniper,  moimtain  bmsh,  and  ponderosa  pine 
commimities  at  1050  to  2745  m  in  Beaver, 
Iron  (type  from  Red  Creek),  Millard,  and 
Washington  counties;  Nevada;  7  (0). 


Eriogonum  pusillum  T,  &  G.  Slender 
Buckwheat.  [E.  reniforme  ssp.  pusillum  (T.  & 
G.)  Stokes].  Annuals,  5-30  cm  tall;  leaves  all 
basal;  blades  3-20  mm  long  and  about  as 
wide,  obovate  to  oval,  tomentose  on  one  or 
both  sides;  petioles  6-30  mm  long;  in- 
florescences more  or  less  trichotomous, 
glabrous  or  the  bracts  glandular;  involucres 
on  slender,  glabrous  stipes  3-40  mm  long, 
campanulate,  1-1.7  mm  long,  glandular- 
puberulent,  the  5  lobes  acute  to  obtuse;  flow- 
ers yellow,  2-2.5  mm  long,  glandular- 
scaberulous,  the  segments  oblong;  achenes  ca 
1  mm  long.  Creosote  bush  and  Joshua  tree 
communities  at  ca  760  m  in  Washington 
County;  Oregon  and  Idaho,  south  to  Califor- 
nia and  Arizona;  1  (i). 

Eriogonum  racemosum  Nutt.  Redroot 
Buckwheat.  Perennial,  scapose  or  subscapose 
herbs,  16-100  cm  tall,  from  a  simple  or 
branched  caudex;  leaves  all  basal  or  some  fo- 
liose-bracteate  ones  at  nodes  of  inflorescence; 
blades  10-100  mm  long,  6-38  mm  wide,  el- 
liptic, oblong,  oval,  or  ovate,  tomentose  on 
one  or  both  sides,  obtuse  to  truncate  or  cor- 
date basally;  petioles  6-100  mm  long  or 
more;  inflorescences  often  swollen  below  the 
nodes,  simple  or  branched,  the  branches 
erect-ascending,  tomentose  or  glabrous;  in- 
volucres sessile,  racemosely  arranged,  obcon- 
ic to  campanulate,  2-6  mm  long,  tomentose 
or  glabrous,  with  5  acute  teeth;  flowers  white 
or  suffused  with  pink,  rose,  or  scarlet,  2.5-5.5 
mm  long,  glabrous,  the  segments  oblong  or 
oblanceolate;  achenes  3-4.5  mm  long.  Two 
varieties  occur  in  Utah. 


1.  Flowering  stems  usually  definitely  swollen  below  the  first  branches  of  the  in- 
florescence and  often  upward  as  well,  glabrous  or  sometimes  tomentose; 
plants  of  Kane  and  Washington  counties  E.  racemosum  var.  zionis 

—  Flowering  stems  not  at  all  or  only  occasionally  somewhat  swollen,  tomentose 

or  occasionally  glabrous;  plants  widespread  E.  racemosum  var.  racemosum 


Var.  racemosum  Sagebnish,  pinyon-juni- 
per,  moimtain  brush,  ponderosa  pine,  aspen, 
and  spruce-fir  communities  at  1525  to  2745 
m  in  Beaver,  Cache,  Davis,  Duchesne, 
Emery,  Garfield,  Grand,  Iron,  Juab,  Kane, 
Millard,  Piute,  Salt  Lake,  San  Juan,  Sanpete, 
Sevier,  Summit,  Tooele,  Utah,  Washington, 
and  Wayne  counties;  Nevada,  Colorado,  Ari- 
zona, and  New  Mexico;  108  (xiv). 


Var.  zionis  (J.  T.  Howell)  Welsh  comb, 
nov.  [based  on:  E.  zionis  J.  T.  Howell  Leafl. 
W.  Bot.  2:  253.  1940].  Zion  Buckwheat. 
Mountain  brush,  juniper-manzanita,  and  pon- 
derosa pine  communities  at  1340  to  1830  m 
in  Kane  and  Washington  (type  from  Zion  Na- 
tional Park)  counties;  Arizona;  9  (v).  Speci- 
mens are  known  that  grade  morphologically 
with    var.    racemosum;    i.e.,    plants    with 
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glabrous  stems  are  essentially  nonfistulose 
and  some  with  fistulose  stems  are  tomentose 
throughout.  The  phase  with  scarlet  flowers 
from  nearby  in  Arizona  are  very  similar  to 
specimens  of  var.  raceviosum  with  deep  rose- 
colored  flowers.  The  variety  might  ultimately 
be  discovered  in  Utah,  and  is  regarded  herein 
as  E.  racemosum  var.  coccineum  (J.  T.  How- 
ell) Welsh  comb.  nov.  [based  on:  E.  zionis 
var.  coccineum  J.  T.  Howell  Leafl.  W.  Bot.  2: 
253.  1940]. 

Eriogonum  salsuginosum  (Nutt.)  Hook. 
Smooth  Buckwheat.  [Stenogonuin  salsugino- 
sum Nutt.].  Annuals,  mainly  3-26  cm  tall, 
clump-forming,  3-40  cm  wide;  leaves  basal 
and  cauline  (foliose  bracteate);  blades  2-20 
mm  long,  2-12  mm  wide,  spatulate  to  oblan- 
ceolate,  obovate,  or  linear,  tapering  to  broad 
petioles  2-20  mm  long  or  sessile,  glabrous  on 
both  sides;  inflorescence  more  or  less  di- 
chotomous,  glabrous  or  minutely  glandular; 
involucres  sessile  or  on  stipes  to  4  cm  long, 
these  curved-ascending,  broadly  cam- 
panulate,  in  2  whorls,  each  3-lobed;  flowers 
yellow,  1.5-3  mm  long,  puberulent,  the  seg- 
ments lanceolate;  achenes  2-2.5  mm  long. 
Shadscale,  mat-atriplex,  and  pinyon-juniper 
communities  at  1370  to  2760  m  in  Carbon, 
Daggett,  Duchesne,  Emery,  Garfield,  San 
Juan,  and  Uintah  counties;  Wyoming,  Colo- 
rado, Nevada,  Arizona,  and  New  Mexico;  48 
(viii).^ 

Eriogonum  scabrellum  Reveal  Westwater 
Buckwheat.  Annuals,  mainly  20-60  cm  tall; 
leaves  all  basal,  usually  persistent  at  anthesis 
and  beyond;  blades  1-6  cm  long  and  about  as 
wide,  orbicular  to  suborbicular,  cordate  ba- 
sally,  the  margin  strongly  undulate-crisped, 
tomentose  on  one  or  both  sides;  petioles  8-50 
mm  long;  inflorescences  spreading-ascending 
to  umbrellalike,  tomentose  and  glandular;  in- 
volucres sessile,  erect  or  decurved,  on  usually 
decurved  branchlets,  obconic,  1.5-2.5  mm 
long,  with  5  acute  teeth;  flowers  white  or  suf- 
fused with  pink  or  red,  1.5-2.2  mm  long,  the 
outer  segments  obovate,  the  inner  ones  nar- 
rower; achenes  1.8-1.8  mm  long.  Salt  desert 
shrub  commimities  at  ca  1220  to  1740  m  in 
Garfield,  Grand  (type  from  Westwater), 
Kane,  and  San  Juan  counties;  Colorado  and 
New  Mexico;  7  (i). 

Eriogonum  shockleyi  Wats.  Shockley 
Buckwheat.  [E.  pulvinatum  Small,  type  from 


Milford;  E.  longilobum  Jones,  type  from  near 
Price].  Pulvinate-caespitose,  scapose,  mound- 
forming  perennials,  mainly  2-5  cm  tall,  5-40 
cm  across  or  more,  from  a  woody,  pluricipit- 
al  caudex,  the  branches  clothed  with  marces- 
cent  leaf  bases  and  terminated  by  rosettes; 
leaf  blades  2-12  mm  long,  1-6  mm  wide, 
obovate,  oblanceolate,  elliptic,  or  spatulate, 
tomentose  on  one  or  both  sides;  petioles  1-10 
mm  long,  or  lacking;  inflorescences  capitate; 
involucres  sessile,  campanulate,  2-6  mm 
long,  tomentose,  with  5  (or  more)  ovate  to 
lanceolate  lobes;  flowers  white,  cream,  yel- 
low, or  suffused  with  red,  2.5-4.5  mm  long, 
pilose,  the  segments  oblong  to  obovate; 
achenes  2.5-3.5  mm  long.  Blackbrush,  shads- 
cale, mixed  desert  shrub,  sagebrush,  and  pin- 
yon-juniper communities,  often  on  fine-tex- 
tured substrates,  at  1280  to  1955  m  in 
Beaver,  Box  Elder,  Carbon,  Daggett,  Du- 
chesne, Emery,  Garfield,  Grand,  Iron,  Juab, 
Kane,  Millard,  San  Juan,  Sevier,  Tooele,  Uin- 
tah, and  Wayne  counties;  Idaho  to  Colorado, 
south  to  California,  Arizona,  and  New  Mexi- 
co; 107  (xv).  Specimens  from  Utah  have  been 
treated  in  two  varieties;  i.e.,  var.  longilobum 
(Jones)  Reveal,  with  larger,  more  deeply  cut 
involucres,  occupying  eastern  Utah,  and  var. 
shockleyi  with  shorter,  less  deeply  cut  in- 
volucres, occupying  western  Utah.  Some  of 
the  plants  from  eastern  Utah  do  have  large 
involucres,  but  many  do  not.  A  large  number 
of  plants  from  western  Utah  have  yellow 
flowers,  but  very  few  from  eastern  Utah  bear 
yellow  flowers,  indicating  a  difference  in 
gene  frequency.  A  conservative  inter- 
pretation is  indicated. 

Eriogonmn  soredium  Reveal  Frisco  Buck- 
wheat. Densely  matted,  pulvinate-caespitose, 
scapose,  mound-forming  perennials,  mainly 
2-4  cm  tall,  10-50  cm  across,  from  a  plurici- 
pital  caudex,  the  branches  clothed  with  mar- 
cescent  leaf  bases  and  terminated  by  rosettes; 
leaves  2-5  mm  long,  0.7-2  mm  wide,  elliptic 
to  oblong,  white-tomentose  on  both  surfaces, 
revolute;  petioles  0.6-3  mm  long;  in- 
florescences capitate,  tomentose;  involucres 
sessile,  obconic,  1.5-2.5  mm  long,  obscured 
by  a  dense  tomentum,  with  4  or  5  teeth; 
flowers  white  or  suffused  with  pink,  2-3  mm 
long,  glabrous,  the  outer  segments  obovate, 
the  inner  ones  narrower;  achenes  2-2.5  mm 
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long.  Sagebmsh  and  juniper  communities,  on 
white  limestone  outcrops,  at  ca  2010  to  2230 
m  in  Beaver  County;  endemic;  5  (ii). 

Eriogonum  spathiilatum  Gray  Sevier 
Buckwheat.  [E.  nudicaide  ssp.  ochroflorum 
Stokes].  Perennial  herbs,  10-40  cm  tall,  from 
a  branching  caudex;  leaves  subbasal,  at  least 
some  intemodes  apparent,  but  obscured  by  a 
dense  tomentum;  blades  1-8  cm  long,  3-15 
mm  wide,  obovate  to  spatulate,  elliptic,  or 
linear,  usually  1.5-5  times  longer  than  wide 


or  more,  tomentose  on  one  or  both  sides, 
acute  to  cuneate  basally;  petioles  3-30  mm 
long;  inflorescences  tomentose  or  glabrous, 
more  or  less  trichotomous,  the  branches  as- 
cending; involucres  sessile,  clustered  at 
branch  ends,  obconic,  2-4  mm  long,  tomen- 
tose or  glabrous,  with  5  acute  teeth;  flowers 
white  or  yellow,  2-3.5  mm  long,  glabrous, 
the  segments  oblong;  achenes  2-3.5  mm  long. 
Two  more  or  less  geographically  correlated 
varieties  are  present. 


1.  Flowers  yellow;  leaf  blades  mainly  less  than  twice  as  long  as  broad 

E.  spathulatian  var.  nation 

—  Flowers  white,  or  rarely  yellow;  leaf  blades  usually  more  than  twice  longer 

than  broad E.  spathiilatum  var.  spathulatum 


Var.  natum  (Reveal)  Welsh  comb.  nov. 
[based  on:  E.  natum  Reveal  in  Welsh,  At- 
wood,  and  Reveal  Great  Basin  Nat.  35:  363. 
1975].  Son  Buckwheat.  Shadscale  community 
on  ancient  marly  playa  remnants  at  1440  to 
1500  m  in  Millard  (type  from  43  mi  SW  of 
Delta)  Coimty;  endemic;  10  (ii). 

Var.  spathulatum  [E.  nudicaule  ssp.  och- 
roflorum Stokes,  type  from  Clear  Creek  Can- 
yon, Sevier  County].  Greasewood,  shadscale, 
rabbitbrush,  ephedra,  and  pinyon-juniper 
commimities  at  1405  to  2135  m  in  Beaver, 
Millard,  Sanpete,  Sevier  (type  from  Sevier 
River  Valley),  and  Wayne  counties;  endemic; 
47  (xiv).  Both  this  and  var.  natum  show  af- 
finities with  E.  brevicaule  var.  laxifolium  (q.v.), 
especially  through  the  densely  hairy,  low  ele- 
vation cottamii  phase,  whose  distribution  is 
immediately  adjacent  to  the  north.  The  rela- 
tionship is  also  through  the  laxifolium  phase 
proper  northeastward  in  Sanpete  County. 
Plants  with  glabrous  inflorescences  and  in- 
volucres from  the  vicinity  of  Frisco  and  the 
Shauntie  Hills  in  Beaver  County  have  about 
the  same  integrity  as  does  var.  ammophilum 
of  the  E.  nummulare  complex.  Probably  they 
have  one  parent  in  common,  i.e.,  E.  bate- 
manii  var.  eremicwn,  but  the  other  putative 
parent  is  different.  These  glabrous  plants  are 
similar  to  phases  of  E.  panguicense,  but  the 
inflorescences  are  consistently  branched. 

Eriogonum  subreniforme  Wats.  Stokes 
Buckwheat.  [E.  filicaule  Stokes,  type  from 
Springdale].  Annuals,  mainly  5-40  cm  tall; 


leaves  all  basal;  blades  4-30  mm  long  and 
about  as  broad  or  broader,  orbicular  to  reni- 
form,  tomentose  on  one  or  both  sides,  trun- 
cate to  cordate  basally;  petioles  6-60  mm 
long;  inflorescence  more  or  less  tri- 
chotomous, glabrous,  the  branches  ascending 
to  spreading;  involucres  on  filiform  stipes 
mostly  3-25  mm  long,  glabrous,  obconic, 
mostly  0.5-1  mm  long,  with  5  acute  teeth; 
flowers  white  to  rose,  1-2  mm  long,  glabrous 
or  distinctly  puberulent,  the  segments  elliptic 
to  lance-elliptic  or  spatulate;  achenes  1.5-2 
mm  long.  Creosote  bush,  shadscale,  eriogo- 
num, sagebrush,  and  pinyon-juniper  commu- 
nities at  850  to  1985  m  in  Garfield,  Kane,  and 
Washington  (type  from  St.  George)  counties; 
Arizona  and  New  Mexico;  17  (ii).  Specimens 
from  Garfield  and  Kane  counties  have 
glabrous  flowers. 

Eriogonum  thomasii  Torr.  Thomas  Buck- 
wheat. [E.  minutiflorum  Wats.].  Annuals, 
mainly  5-30  cm  tall;  leaves  all  basal;  blades 
4-20  mm  long  and  about  as  wide,  orbicular 
to  subreniform,  tomentose  on  one  or  both 
sides,  obtuse  to  subcordate  basally;  petioles 
3-30  mm  long;  inflorescences  more  or  less 
polychotomous,  glabrous,  the  branches 
spreading  to  ascending;  involucres  on  stipes 
mainly  3-30  mm  long,  glabrous,  obconic  to 
campanulate,  0.6-1.2  mm  long,  the  5  teeth 
obtuse;  flowers  yellow,  0.8-2  mm  long,  his- 
pidulous  near  the  base,  the  outer  segments 
becoming  saccate  at  maturity,  the  inner  ones 
narrow  and  not  saccate;  achenes  ca   1   mm 
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long.  Creosote  bush  community  at  ca  850  to 
915  m  in  Washington  County;  California, 
Nevada,  Arizona,  and  Mexico;  6  (i). 

Eriogonum  thompsonae  Wats.  Ellen  Buck- 
wheat. [E.  conjmbosum  var.  matthewsiae  Re- 
veal, type  from  Springdale].  Perennial  sub- 
shmbs  or  shrubs,  mainly  2-8  dm  tall,  clump 
forming;  leaves  subbasal  or  definitely  cauline; 
blades  10-60  mm  long,  8-28  mm  wide,  ob- 
long to  elliptic,  lanceolate  or  ovate,  tomeii- 
tose  on  one  or  both  sides,  the  margins  entire, 
flat  or  midulate  and  sometimes  crisped;  pet- 
ioles 1.5-10  cm  long;  inflorescences  more  or 
less  trichotomous,  glabrous  or  less  commonly 
tomentose,  the  branches  spreading  to  ascend- 
ing; involucres  sessile,  narrowly  obconic, 
2.5-3.8  mm  long,  glabrous  or  tomentose,  the 
teeth  rounded  and  more  or  less  hyaline;  flow- 
ers yellow  or  white,  2.5-4  mm  long,  glabrous, 
the  segments  oblong  or  obovate;  achenes  2-3 
mm  long.  Blackbrush,  salt  desert  shrub,  and 
pinyon-juniper  communities,  mainly  on 
Chinle  and  Moenkopi  formations,  at  1125  to 
1830  m  in  Kane  and  Washington  counties; 
Arizona,  a  Mohave  Strip  endemic;  32  (iii). 
The  thompsonae  complex  consists  of  a  series 
of  morphological  subunits,  each  more  or  less 
distinctive,  but  only  arbitrarily  separable. 
They  are  based  on  application  of  the  2"  for- 
mula, where  "n"  equals  the  number  of  char- 


acters contrasted,  i.e.,  yellow  or  white  flow- 
ers with  subscapose  or  caulescent  habit. 
Plants  with  yellow  flowers  and  subscapose 
habit  are  var.  tliompsonae  (type  from  near 
Kanab);  those  with  white  flowers  and  sub- 
scapose habit  are  var.  albiflorum  Reveal 
(type  from  W  of  Virgin;  E.  conjmhosum  var. 
matthewsiae,  in  part);  those  with  yellow 
flowers  and  caulescent  habit  are  E.  conjmho- 
sum var.  aureum,  in  part  (Shivwits  phase); 
and  those  with  white  flowers  and  caulescent 
habit  are  E.  conjmhosum  var.  matthewsiae 
(Springdale  phase),  at  least  in  part.  The  yel- 
low flowers  of  the  Shivwits  phase  seem  to 
have  been  secondarily  derived  from  E.  cor- 
ijmhosum  var.  aureum  {E.  aureum  Jones,  in  a 
strict  sense),  where  occasional  specimens 
have  loosely  tomentose  inflorescences  and 
the  involucres  are  shortly  obconic  as  in  var. 
ghitinosum.  In  other  specimens  of  the  Shiv- 
wits phase  the  narrowly  obconic  involucres 
are  essentially  like  those  of  var.  alhiflorum. 
The  recognition  of  any  of  these  phases  at  tax- 
onomic  rank  is  problematical  because  of  in- 
termediates connecting  most  if  not  all  of 
them.  A  key  is  provided  for  the  main  kinds 
observed.  The  use  of  names  applied  in  other 
taxa  does  not  indicate  nomenclatural  com- 
bination, and  none  is  intended  or  implied 
herewith. 


1.  Flowers  yellow 2 

—  Flowers  white  3 

2(1).         Plants  subscapose,  with  long  petioles  and  oblong-oval  leaf  blades;  growing  east 

of  Kanab  and  in  Washington  County E.  thompsonae  var.  thompsonae 

—  Plants  definitely  caulescent,  with  petioles  short  and  leaf  blades  oval  to  oblong 

or  lanceolate  "Shivwits  phase" 

3(1).  Plants  subscapose,  with  long  petioles  and  elliptic  to  oblong-oval  leaf  blades; 

known  from  eastern  Washington  County  and  transitional  to  the  next 

E.  thompsonae  var.  alhiflorum 

—  Plants  caulescent,  with  long  or  short  petioles  and  leaf  blades  oval  to  oblong  or 
lanceolate  "Springdale  phase" 


Eriogonum  trichopes  Torr.  Slender-stipe 
Buckwheat.  [E.  trichopodum  Torr.  in  DC;  E. 
tricliopodum  var.  minus  Benth.  in  DC.].  An- 
nuals, 8-45  cm  tall;  leaves  all  basal;  blades 
mainly  5-30  mm  long,  4-25  mm  wide,  oval 
to  orbicular,  hirtellous  on  one  or  both  sides, 
obtuse  to  cordate  basally,  entire  to  undulate- 
crisped;  petioles  3-40  mm  long  or  more;  pe- 
duncles and  primary  rays  of  inflorescence  in- 
flated or  not;  inflorescence  polychotomous; 


involucres  borne  on  capillary  stipes  3-18  mm 
long,  obconic  to  campanulate,  0.4-1  mm 
long,  glabrous,  4-lobed;  flowers  yellowish, 
1-2  mm  long,  strigulose,  the  segments  lance- 
ovate;  achenes  1.5-2  mm  long.  Warm  desert 
shrub  communities  at  760  to  980  m  in  Wash- 
ington County;  Nevada  and  Callifornia  to 
New  Mexico,  south  to  Mexico;  10  (i).  This 
species  simulates  the  annual  phase  of  E.  in- 
flatum   in  having   inflated  stems  in   some 
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plants.  Tlie  usually  more  numerous  branches 
from  the  lowest  node  of  the  inflorescence, 
and  flowers  and  involucres  that  average 
smaller,  are  diagnostic. 

Eriogonum  tumulosum  (Barneby)  Reveal 
Woodside  Buckwheat.  [E.  villiflorum  var.  tu- 
mtilosum  Barneby,  type  from  SW  of  Wood- 
side].  Pulvinate-caespitose,  mound-forming, 
herbaceous  perennials  from  a  pluricipital 
caudex  and  woody  taproot,  the  caudex 
branches  clothed  with  persistent  leaves  and 
bases,  the  roots  with  shaggy  castaneous  to 
blackish  bark;  leaves  3-7  mm  long,  0.7-1.5 
mm  wide,  oblanceolate  to  elliptic,  tomentose 
to  pilose  on  both  surfaces,  revolute;  petioles 
very  short;  scapes  to  ca  1  cm  long  or  lacking; 
inflorescences  capitate;  involucres  cam- 
panulate,  2-4  mm  long,  villous,  7-  to  10- 
lobed;  flowers  white  or  suffused  with  pink, 
3-4  mm  long,  pilose,  the  segments  oblong  to 
oblanceolate;  achenes  ca  2  mm  long.  Mixed 
desert  shnib  and  pinyon-juniper  communities 
at  1525  to  2170  m  in  Duchesne,  Emery,  and 
Uintah  counties;  Colorado;  a  Colorado 
Plateau  endemic;  16  (ii). 


Eriogonum  umbellatum  Torr.  Sulfur  Buck- 
wheat. Perennial  herbs  or  subshrubs,  mat 
forming,  mainly  1-10  dm  across;  vegetative 
stems  persistent,  the  branches  woody  and 
usually  more  or  less  clothed  with  persistent 
ashy,  castaneous,  or  blackish  leaves  and  bases; 
flowering  stems  scapose,  arising  from  rosette- 
like stem  apices,  mainly  10-60  cm  tall;  leaf 
blades  4-30  mm  long,  2-20  mm  wide,  ovate 
to  oval,  elliptic,  lanceolate,  or  oblanceolate, 
tomentose  or  glabbrous  on  one  or  both  sides, 
flat  or  nearly  so;  petioles  2-15  mm  long;  in- 
florescence umbellate  (or  compound)  or  capi- 
tate, often  immediately  subtended  by  foliose 
bracts;  involucres  terminating  rays  or  sessile, 
obconic  to  campanulate,  the  tube  2-6  mm 
long  and  1.5-10  mm  wide,  the  lobes  1-6  mm 
long;  flowers  creamy  white  to  yellow  and  of- 
ten suffused  with  red  or  purple,  2.5-10  mm 
long  (including  the  stipitate  base),  the  seg- 
ments spatulate  to  ovate;  achenes  2-5  mm 
long.  This  species  is  a  portion  of  a  huge  as- 
semblage occupying  much  of  the  western 
U.S.  There  are  four  more  or  less  geographi- 
cally correlated  varieties  present. 


1.  Flowers  creamy  white  E.  umbellatum  var.  mafus 

—  Flowers  yellow 2 

2(1).         Inflorescences  of  compound  umbels,  at  least  some;  plants  mainly  of  middle  to 

lower  elevations  in  the  southern  two-thirds  of  Utah  ....  E.  umbellatum  var.  subaridum 

—  Inflorescences  merely  umbellate  or  capitate 3 

3(2).         Inflorescences  capitate  or  rarely  some  branched;  leaves  glabrous  on  both  sides; 

plants  of  high  elevations E.  umbellatum  var.  porteri 

—  Inflorescences  umbellate;   leaves   variously   pubescent,   sometimes   as  above; 
plants  of  moderate  to  high  elevations  E.  umbellatum  var.  umbellatum 


Var.  majus  Hook.  Cream  Buckwheat.  [E. 
subalpinum  Greene;  E.  umbellatum  var.  sub- 
alpinum  (Greene)  Jones;  E.  umbellatum.  ssp. 
subalpinimi  (Greene)  Stokes;  E.  heracleoides 
var.  subalpinum  (Greene)  R.  J.  Davis;  E.  um- 
bellatum ssp.  majus  (Hook.)  Piper;  E.  aridum 
Greene;  E.  umbellatum  ssp.  aridum  (Greene) 
Stokes;  E.  umbellatum  var.  aridum  (Greene) 
C.  L.  Hitchc;  E.  umbellatum  var.  di- 
crocephalum  Gandg.;  E.  umbellatum  var. 
desereticum  Reveal,  type  from  Mt.  Tim- 
panogos].  Sagebrush,  mountain  brush,  pin- 
yon-juniper, Douglas  fir-white  fir,  aspen, 
lodgepole  pine,  and  spruce-fir  communities 
at  1495  to  3420  m  in  Beaver,  Box  Elder, 
Cache,  Carbon,  Daggett,   Davis,   Duchesne, 


Garfield,  Juab,  Millard,  Rich,  Salt  Lake,  San- 
pete, Sevier,  Summit,  Tooele,  Wayne,  and 
Weber  counties;  Canada,  south  to  California 
and  Nevada;  73  (vi).  This  plant  forms  appar- 
ent hybrids  (Neese  14620  A-E  BRY)  with  E. 
heracleoides.  It  is  also  identical,  except  for 
flower  color,  with  var.  umbellatum  and  has  a 
similar  sequence  of  pubescence  forms. 

Var.  porteri  (Small)  Stokes  Porter  Buck- 
wheat. [E.  porteri  Small,  type  from  Bear  Riv- 
er Canyon,  Summit  County].  Ponderosa  pine, 
aspen,  spruce-fir,  lodgepole  pine,  and  alpine 
meadow  and  talus  communities  at  2500  to 
3700  m  in  Beaver,  Duchesne,  Iron,  Sanpete, 
Sevier,  Summit,  and  Uintah  counties;  Nevada 
and  Colorado;  41  (xi). 


548 


Great  Basin  Naturalist 


Vol.  44,  No.  4 


Var.  subaridum  Stokes  Arid  Buckwheat. 
[E.  umbellatum  ssp.  subaridum  (Stokes) 
Miinz;  E.  biumbellatum  Rydb.,  type  from 
Fish  Lake;  E.  ferrissii  A.  Nels.;  E.  uynbella- 
tum  ssTp.  ferrissii  (A.  Nels.)  Stokes].  Sagebrush, 
mountain  brush,  pinyon-juniper,  and  Douglas 
fir  commimities  at  1370  to  2745  m  in  Beaver, 
Emery,  Garfield,  Iron,  Juab,  Kane,  Millard, 
San  Juan,  Sanpete,  Sevier,  Summit,  Tooele, 
Washington,  and  Wayne  counties;  Colorado, 
Arizona,  Nevada,  and  California;  79  (xvi). 
Occasional  specimens  share  features,  espe- 
cially simple  inflorescences  and  pubescence 
phases,  with  other  varieties  of  the  species. 

Var.  umbellatum  [E.  luteum  Small  ex 
Rydb.;  E.  njdbergii  Greene;  E.  cupreum 
Gand.;  E.  glaberrimum  var.  aureum  Gand.;  E. 
umbellatum  var.  aureum  (Gand.)  Reveal;  E. 
neglectuin  Greene;  E.  azaleastrum  Greene;  E. 
umbelliferum  Small;  E.  umbellatum  var.  um- 
belliferum  (Small)  Stokes;  E.  marginale 
Gand.;  E.  umbellatum  var.  intectum  A.  Nels; 
E.  umbellatum  var.  glabratum  Stokes,  type 
from  Himtington  Canyon].  Sagebrush,  moun- 
tain brush,  pinyon-juniper,  ponderosa  pine, 
white  fir,  aspen,  spruce-fir,  and  alpine  mead- 
ow communities  at  1765  to  3450  m  in  Bea- 
ver, Box  Elder,  Carbon,  Daggett,  Duchesne, 
Emery,  Grand,  Juab,  Millard,  Piute,  Salt 
Lake,  San  Juan,  Sanpete,  Sevier,  Summit, 
Tooele,  Uintah,  Utah,  Wasatch,  and  Wayne 
counties;  Washington  to  Montana,  south  to 
California,  Nevada,  and  Colorado;  111  (xv). 

Eriogonum  villiflorum  Gray  Gray  Buck- 
wheat. Pulvinate-caespitose,  mound-forming, 
herbaceous  perennials  from  a  pluricipital 
caudex  and  woody  taproot,  the  caudex 
branches  clothed  with  persistent  ashy  to  cas- 
taneous  or  blackish  leaf  bases  and  with 
shaggy  blackish  bark;  leaves  4-15  mm  long, 
0.7-2  mm  wide,  oblanceolate  to  elliptic,  vil- 
lous-pilose  on  both  sides,  more  or  less  revo- 
lute;  petioles  very  short;  scapes  mainly  1-5 
cm  long;  inflorescences  subcapitate  to  shortly 
umbellate;  involucres  sessile  or  short-stipi- 
tate,  campanulate,  3-5  mm  long,  villous-pi- 
lose,  with  6-10  lobes;  flowers  white  or  suf- 
fused with  pink,  3-4  mm  long,  pilose,  the 
segments  oblong;  achenes  2-3  mm  long. 
SagebRish,  pygmy  sagebnish,  mixed  desert 
shRib,  and  pinyon-juniper  communities  at 
1555  to  2350  m  in  Beaver,  Juab,  Millard,  and 


Sanpete  counties;  Nevada;  a  Great  Basin  en- 
demic; 17  (iii). 

Eriogonum  wetherillii  Eastw.  Wetherill 
Buckwheat.  [E.  sessile  Stokes  ex  Jones;  E.  fili- 
fortne  L.  O.  Williams,  type  from  near  Hanks- 
ville].  Annuals,  5-30  cm  high,  ultimately 
forming  cushionlike,  intricately  branched 
clumps,  mainly  8-40  cm  wide;  leaves  all  ba- 
sal; blades  4-40  mm  long  and  about  as  wide, 
orbicular  to  oval,  tomentose  on  one  or  both 
sides,  obtuse  to  subcordate  basally;  petioles 
5-50  mm  long;  inflorescences  intricately 
branched,  glabrous,  ultimately  gray-  to  red- 
purple;  involucres  on  filiform  stipes,  mainly 
3-16  mm  long  or  sessile,  obconic,  glabrous, 
0.5-1  mm  long,  with  4  teeth;  involucres  yel- 
low, soon  suffused  with  red,  0.6-1.5  mm  long, 
glabrous,  the  segments  elliptic  to  obovate; 
achenes  0.6-1  mm  long.  Blackbrush,  shad- 
scale,  mixed  desert  shrub,  and  pinyon-juniper 
communities  (and  often  along  roadsides)  at 
1125  to  2135  m  in  Emery,  Garfield,  Grand, 
Kane,  San  Juan  (type  from  along  the  San 
Juan  River)  ,  Sevier,  and  Wayne  counties; 
Colorado,  New  Mexico,  and  Arizona;  68  (xii). 

Eriogonum  wrightii  Torr.  in  DC.  Wright 
Buckwheat.  Shrubs,  mainly  2-5  dm  tall; 
leaves  caulescent,  mainly  5-25  mm  long  and 
3-10  mm  wide,  elliptic  to  oblanceolate,  to- 
mentose on  both  sides,  plane  or  more  or  less 
revolute;  petioles  1-6  mm  long;  inflorescence 
erect-ascending,  tomentose,  more  or  less 
racemose;  involucres  sessile,  obconic,  tomen- 
tose, 2-4  mm  long,  with  5  teeth;  flowers 
white  or  suffused  with  pink,  3-4  mm  long, 
glabrous,  the  segments  obovate;  achenes  2-3 
mm  long.  Pinyon-juniper  and  mountain  brush 
communities  at  ca  1190  m  in  Washington 
County  (upper  Beaverdam  Wash);  California 
to  Texas,  south  to  Mexico;  3  (i). 

OXYRIA  Hill 

Perennial,  subrhizomatous  herbs,  from  long 
taproots;  leaves  simple,  alternate  or  mostly 
basal;  stipules  sheathing;  flowers  numerous, 
borne  in  panicles,  not  subtended  by  an  in- 
volucre; perianth  of  4  sepaloid  segments, 
glabrous;  stamens  6;  pistil  2-carpelled,  the 
ovary  1-loculed,  1-ovuled;  styles  2,  short,  the 
stigmas  fringed;  fruit  a  flattened,  wing-mar- 
gined achene. 
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Oxyria  digyna  (L.)  Hill  Mountain  sorrel. 
[Rumex  digynus  L.].  Plants  mainly  5-35  cm 
tall,  the  herbage  often  reddish  tinged;  stems 
usually  simple,  the  juice  acrid;  leaves  mostly 
basal;  petioles  1-15  cm  long;  blades  5-50 
mm  long  and  as  wide  or  wider,  reniform  to 
orbicular,  cordate  basally;  panicles  2-20  cm 
long;  perianth  1-2.5  mm  long,  the  2  segments 
at  achene  edges  more  slender  than  those  on 
the  flat  sides;  achenes  flattened,  3-6  mm 
broad,  prominently  winged.  Lodgepole  pine, 
spruce-fir,  and  alpine  meadow  communities, 
often  in  Talus,  at  2560  to  3965  m  in  Beaver, 
Box  Elder,  Cache,  Daggett,  Duchesne,  Piute, 
Salt  Lake,  San  Juan,  Sanpete,  Summit,  Uin- 
tah, Utah,  and  Weber  counties;  Alaska  and 
Yukon,  east  to  Labrador,  south  to  California, 
Arizona,  and  New  Mexico;  circumboreal;  38 
(ix). 

Oxytheca  Nutt. 

Annuals;  stems  dichotomously  branched; 
leaves  basal;  bracts  connate,  in  3's,  fo- 
liaceous;  involucres  few-flowered,  stipitate, 
more  or  less  campanulate,  4-lobed,  the  lobes 
awn  tipped;  flowers  pedicellate;  perianth  6- 
parted;  stamens  9;  achenes  ovoid. 

Oxytheca  perfoliata  T.  &  G.  [Eriogonum 
perfoUotiim  (T.  &  G.)  Stokes].  Plants  6-20  cm 
tall  or  more,  erect  or  spreading-ascending; 


leaves  basal  and  cauline  (leafy  bracteate),  the 
basal  ones  1-4  cm  long,  spatulate  to  oblan- 
ceolate,  sparingly  hirsute  to  glabrous,  ciliate; 
inflorescences  short-pedunculate,  then  dich- 
otomous  or  trichotomous,  with  each  node 
bearing  a  connate-perfoliate,  foliaceous,  3- 
lobed  bract  ca  1-2  cm  wide,  the  lobes  spinose 
tipped;  internodes  of  inflorescence  more  or 
less  stipitate-glandular;  involucres  solitary, 
obconic,  3-6  mm  long,  including  spines,  4- 
lobed,  each  lobe  spinose  tipped;  flowers  sev- 
eral; cream  to  whitish,  ca  1.5  mm  long, 
coarsely  strigose,  the  segments  lanceolate; 
achenes  ca  2  mm  long.  Warm  desert  shrub 
communities  at  ca  950  m  in  Washington 
County;  Arizona,  Nevada,  and  California;  1 
(0). 

Polygonum  L. 

Plants  annual,  biennial,  or  perennial  herbs 
from  taproots  or  rhizomes;  leaves  alternate, 
cauline  or  basal;  stipules  sheathing;  flowers 
solitary  or  clustered  in  leaf  axils  or  in  axillary 
or  terminal  spikelike  racemes  or  panicles,  not 
subtended  by  a  regular  involucre;  perianth  of 
5  petaloid  (or  sepaloid)  segments;  stamens  8 
(5  and  3)  or  lacking;  pistils  usually  3-car- 
pelled,  the  ovary  1-loculed,  1-ovuled;  styles  2 
or  3,  often  very  short;  achenes  lens  shaped  or 
3-angled. 


1.  Leaves  with  subcordate,  cordate,  or  hastate  bases;  flowers  in  axillary  racemes 

or  panicles;  plants  cultivated  ornamentals,  escaping  and  persisting,  or  weed  2 

—  Leaves  various  but  not  cordate  or  hastate  basally;  flowers  variously  arranged 

but  not  as  above;  plants  indigenous  or  adventive,  weedy  or  not  4 

2(1).         Stems  not  twining;  leaves  broadly  obovate,  obtuse  to  subcordate  basally;  plants 

clump-forming,  cultivated  ornamentals,  escaping  and  persisting P.  cuspidatum 

—  Stems  twining;  leaves  cordate  to  hastate;  plants  sprawling  or  twining  on  other 
plants  or  structures  3 

3(2).         Plants   perennial;   flowers  showy,   whitish;   fruit  broadly  winged;   cultivated 

ornamentals,  escaping  and  persisting P.  aubertii 

—  Plants  annual;  flowers  not  showy,  greenish;  fruit  not  winged;  adventive  weedy 
species  P.  convolvulus 

4(1).         Stems  erect,  from  an  expanded  to  somewhat  bulbous  caudex;  leaves  mostly 

basal;  flowers  in  terminal  spicate  racemes;  plants  mostly  of  higher  elevations  5 

—  Stems  of  various  habit,  but  not  from  a  caudex,  or,  if  so,  the  plants  otherwise 
different  from  above;  flowers  axillary  or  in  axillary  and  terminal  spikelike 
racemes  or  panicles  6 

5(4).         Racemes  slender,  mainly  4-6  mm  thick,  the  lower  flowers  at  least  replaced  by 

bulblets P.  viviparum 
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—  Racemes  mainly  10-25  mm  thick,  the  flowers  not  replaced  by  bulblets 

P.  bistortoides 

6(5).         Leaves  not  jointed  at  the  base;  flowers  in  terminal  and  (or)  axillary  spikes  or 

racemes 7 

—  Leaves  with  a  hingelike  joint  at  the  point  of  attachment  of  leaf  base  with 
sheath;  flowers  in  small,  axillary  clusters  or  solitary  11 

7(6).         Inflorescences    all    terminal,    usually    solitary;    plants    perennial,    aquatic    or 

semiaquatic  to  terrestrial;  flowers  bright  pink  P.  amphibium 

—  Inflorescences  not  all  terminal,  at  least  some  axillary;  plants  mostly  annual, 
seldom  aquatic  (but  sometimes  so);  flowers  pink,  green,  or  white  8 

8(7).         Stipular  sheaths  lacking  marginal  bristles  (or  merely  short-ciliate);  veins  of  the 

outer  pair  of  perianth  segments  branched  and  recurved  at  the  tip  ....  P.  lapathifolium 

—  Stipular  sheaths  usually  with  well-developed  marginal  bristles;  veins  of  the 
outer  pair  of  perianth  segments  not  branched  and  recurved  at  the  tip  9 

9(8).  Plants  perennial  from  rhizomes,  growing  in  or  near  water;  spikes  slender,  most- 
ly less  than  5  mm  broad,  often  paired;  not  definitely  known  from  Utah,  but  to  be 
expected P.  hijdropiperoides  Michx. 

—  Plants  annual  from  taproots,  growing  in  moist  sites,  but  not  aquatic;  spikes 
slender  to  thick,  not  or  seldom  paired  10 

10(9).       Mature  perianth  glandular-punctate,  greenish   to  white   (or  pinkish);   spikes 

slender,  arching,  interrupted  near  the  base  P.  hijdropiper 

—  Mature  perianth  not  glandular-punctate,  pink  to  purplish;  spikes  dense,  erect 

or  nearly  so,  not  or  rarely  interrupted P.  persicaria 

11(6).       Flowers  in  terminal,  leafy-bracteate  spikes;  plants  mainly  less  than  10  cm  tall  .. 

P.  kelloggii 

—  Flowers  in  axillary  clusters  or  solitary,  or  in  terminal  spikes  with  bracts  much 
reduced;  plant  height  various  12 

12(11).     Leaves  ovate  to  broadly  elliptic,  scarcely  reduced  upward;  plants  mainly  less 

than  10  cm  tall  P.  minimum 

—  Leaves  linear  to  narrowly  elliptic,  lanceolate,  or  oblanceolate,  more  or  less 
reduced  upward;  plant  height  various  13 

13(12).  Flowers  borne  in  elongate,  spikelike  racemes;  leaves  much  reduced  and  bract- 
like upward;  plants  usually  erect  and  with  branches  erect-ascending  

P.  ramosissimum 

—  Flowers  borne  in  axils  of  foliage  leaves,  these  sometimes  reduced  but  not 
especially  bracteate  upward;  plants  of  various  habit 14 

14(13).     Plants  mainly  prostrate;  leaves  mostly  flat  and  with  prominent  lateral  veins, 

often  deciduous  in  fruit P.  aviculare 

—  Plants  mainly  erect  or  ascending;  leaves  flat  to  revolute,  the  veins 
inconspicuous,  usually  persistent P.  douglasii 

Polygonum  amphibium  L.  Water  Smart-  late  to  oblong  or  elliptic,  acute  to  alternate 

weed.   [P.  coccineum  Muhl.   in  Willd.].   Pe-  or  rounded  apically,  obtuse  to  truncate  ba- 

rennial  aquatic  or  terrestrial,  rhizomatous  or  sally;  petioles  0.5-7  cm  long;  stipules  cylin- 

stoloniferous  herbs,  the  herbage  coarsely  stri-  dric,  0.5-3  cm  long,  glabrous  to  coarsely  stri- 

gose  to  glabrous  or  stipitate-glandular;  stems  gose;  panicles  1  or  2,  spikelike,  1-8  cm  long, 

prostrate  (often  floating)  or  erect;  leaf  blades  the  peduncles  glabrous,  glandular,  or  strigose 

mainly  3-18  cm  long,  1-6  cm  wide,  lanceo-  and  also  more  or  less  glandular;  pedicels  1-2 
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mm  long;  flowers  bright  pink,  4-5  mm  long, 
the  segments  oblong,  subequal;  stamens  8,  ex- 
serted;  style  2-4  mm  long;  achenes  lenticular 
2-3  mm  long,  brown,  shining  or  dull.  Springs, 
streams,  ponds,  lakes,  reservoirs,  and  irriga- 
tion canals  at  1340  to  2865  m  in  Cache,  Dag- 
gett, Duchesne,  Garfield,  Millard,  Piute,  Salt 
Lake,  Sevier,  Uintah,  Utah,  and  Weber  coun- 
ties; widely  distributed  in  North  America; 
cosmopolitan  (except  Australia?);  47  (v).  Tra- 
ditional separation  of  this  taxon  into  two  spe- 
cies on  the  basis  of  pubescence  and  panicle 
differences  is  not  supported  by  the  cline  of 
variation  connecting  the  distinctive  extremes. 

Polygonum  aubertii  L.  Henry.  Silver 
Lace-vine.  Perennial,  twining  herbs;  stems 
mainly  2-7  m  long  or  more;  herbage  glabrous 
or  scabrous;  ocrea  soon  deciduous,  the  mar- 
gin not  ciliate;  leaf  blades  1-8  cm  long  and 
1-6  cm  wide,  cordate-ovate,  cordate  basally, 
attenuate  to  acuminate  apically;  petioles 
0.5-5  cm  long;  panicles  open,  axillary  or  ter- 
minal, 5-15  cm  long  or  more;  flowers  usually 
white,  7-10  mm  long,  including  the  attenuate 
winged  base,  fragrant;  fruit  lenticular  (?),  sel- 
dom formed.  Cultivated  ornamental,  escap- 
ing and  persisting  in  Utah  County;  in- 
troduced from  China;  2  (0) 

Polygonum  aviculare  L.  Knotweed;  Chiv- 
alry-grass; Dishwater-grass.  Annuals,  pro- 
strate to  ascending  or  erect,  the  stems  striate, 
terete  or  angled,  mostly  1-10  dm  long;  leaves 
usually  not  crowded,  5-40  mm  long  and  2-10 
mm  wide,  oblong  to  elliptic  or  oblanceolate, 
smaller  on  the  branchlets  than  on  the  main 
stem,  acute  to  obtuse  or  rounded,  the  blade 
sessile  or  short-petiolate  above  the  basal 
joint;  stipules  shredded,  3-6  mm  long;  flow- 
ers 1-5  axillary;  pedicels  included  or  shortly 
exserted;  perianth  2-3  mm  long,  united  ca 
one-third  the  length,  5-lobed,  the  lobes 
greenish  with  white  or  pink  edges,  the  outer 
lobes  only  slightly  broader  than  the  inner; 
styles  3;  achenes  3-angled,  brown.  Weedy 
species  of  open  sites  at  760  to  3085  m  in 
probably  all  Utah  counties;  widespread  in 
most  continents;  59  (vii).  The  plants  tolerate 
trampling  and  similar  abuse  that  forces  other 
plants  to  yield  way  to  this  vigorous  species. 

Polygonum  bistortoides  Pursh  American 
Bistort.  [P.  bistorto  var.  oblongifolium  Meissn. 
in  DC;  P.  bistorta  var.  linearifolium  Wats. 
Perennials,    erect,    from    thickened   bulblike 


bases  and  rhizomes,  the  stems  mainly  1-8  dm 
tall;  basal  leaves  well  developed,  mainly  5-30 
cm  long,  the  blades  2-20  cm  long  and  0.3-3.5 
cm  wide,  lanceolate  to  elliptic  or  linear,  at- 
tenuate to  obtuse  or  rounded  apically,  cu- 
neate  to  obtuse  basally;  petioles  usually  well 
developed,  not  jointed;  stipules  mainly  1.5-8 
cm  long,  sometimes  flaring  apically;  cauline 
leaf  blades  reduced  upward;  flowers  numer- 
ous, borne  in  terminal  spikelike  racemes,  1-7 
cm  long;  perianth  4-6  mm  long;  connate 
only  near  the  base,  white  or  sometimes  pink- 
ish, the  segments  about  equal  in  size;  stamens 
8,  exserted;  styles  3,  exserted;  achenes  brown, 
shining,  ca  4  mm  long.  Aspen,  lodgepole 
pine,  and  spruce-fir  communities,  usually  in 
moist  meadows,  at  2070  to  3510  m  in  Beaver, 
Cache,  Daggett,  Duchesne,  Emery,  Garfield, 
Iron,  Juab,  Kane,  Millard,  San  Juan,  Sanpete, 
Sevier,  Summit,  Uintah,  Wasatch,  Wayne, 
and  Weber  counties;  British  Columbia  to 
Montana,  south  to  California,  Arizona,  and 
New  Mexico;  68  (x).  This  species  differs  in 
degree  only  from  P.  bistorta  of  the  Old 
World  and  Alaska-Yukon-Mackenzie.  The 
synonyms  indicate  the  views  of  some  pre- 
vious workers  in  this  genus.  Additional  work 
might  indicate  a  more  conservative  view 
than  that  followed  here. 

Polygonum  convolvulus  L.  Black  Bind- 
weed. Annuals,  erect  (when  young)  or  soon 
prostrate  or  twining,  the  stems  1-15  dm  long 
or  more;  leaves  with  long  petioles  not  jointed 
basally,  the  blades  1-8  cm  long  (from  sinus  to 
apex),  0.7-5  cm  wide,  sagittate-ovate,  acumi- 
nate; stipules  2-5  mm  long,  shredded  and 
soon  deciduous;  flowers  few  to  many,  borne 
in  axillary  or  terminal  racemes;  perianth 
3-4.5  mm  long,  greenish,  5-lobed,  the  outer 
lobes  keeled;  styles  3-cleft;  achenes  3-angled, 
black,  usually  shining.  Weedy  species  of  gar- 
dens, fields,  and  other  open  habitats  at  850  to 
1680  m  in  Cache,  Salt  Lake,  Sevier,  Utah, 
and  Washington  counties;  widespread  in 
North  America;  adventive  from  Europe;  11 
(0). 

Polygonum  cuspidatum  Sieb.  &  Zucc. 
Fleece-flower.  [P.  zuccarinii  Small].  Pe- 
rennial, dioecious,  erect  or  ascending  herbs, 
mainly  8-15  dm  tall;  leaves  petiolate,  the 
blades  mostly  5-15  cm  long  and  3-10  (12)  cm 
wide,  ovate,  cuneate  to  truncate  or  sub- 
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cordate  basally,  abmptly  acuminate  apically; 
stipules  4-8  mm  long,  soon  deciduous;  flow- 
ers 4-5  mm  long  or  more,  including  the 
winged,  stipelike  base,  cream  to  greenish, 
functionally  imperfect,  enlarging  in  fruit; 
styles  3;  achenes  3-angled,  black,  smooth, 
shining,  ca  3  mm  long.  Cultivated  ornamen- 
tals, escaping  and  persisting,  at  1220  to  1830 
m  in  Duchesne,  Salt  Lake,  and  Utah  counties; 
widely  grown  in  the  U.S.;  introduced  from 
Asia;  5  (0). 

Polygonum  douglasii  Greene.  Douglas 
Knotweed.  Annuals,  mainly  3-45  cm  tall  or 


more,  erect  or  ascending;  leaves  6-50  mm 
long,  1-8  mm  wide,  linear  to  oblong,  lanceo- 
late or  oblanceolate,  gradually  reduced  up- 
ward, jointed  at  the  base;  stipules  lacerate, 
3-12  mm  long;  flowers  axillary,  usually  1-4 
per  node,  the  pedicels  erect  or  reflexed,  14 
mm  long;  perianth  2-4.3  mm  long,  the  seg- 
ments green  with  white  or  pink  to  reddish 
margins,  or  white  to  pink  overall,  united  only 
near  the  base;a  chenes  3-angled,  black, 
smooth  and  shining,  2.5-3.5  mm  long.  Two 
rather  well-defined  but  largely  sympatric  va- 
rieties are  present  in  Utah. 


1.  Flowers  deflexed,  stipitate  above  a  joint  at  pedicel  apex,  the  stipe  0.1-0.2  mm 

long  and  persistent  on  the  flower  base  P.  douglasii  var.  douglasii 

—  Flowers  erect,  not  stipitate,  the  base  sessile  on  the  joint,  dehiscing  without 

a  peglike  stipe  at  the  base  P.  douglasii  var.  johnstonii 


Var.  douglasii  Sagebrush,  mountain  brush, 
pinyon-juniper,  ponderosa  pine,  Douglas  fir- 
white  fir,  aspen,  lodgepole  pine,  and  spruce- 
fir  communities  at  1705  to  3145  m  in  Cache, 
Carbon,  Daggett,  Duchesne,  Garfield,  Grand, 
Juab,  Kane,  Millard,  Salt  Lake,  Sanpete,  Se- 
vier, Summit,  Tooele,  Uintah,  Utah,  Wasatch, 
and  Weber  counties;  widely  distributed  in 
North  America;  56  (v). 

Var.  johnstonii  Munz  Sawatch  Knotweed. 
[P.  sawatchense  Small;  P.  utahense  Brenkle  & 
Cottam,  type  from  6  mi  N  of  Escalante].  Pi- 
nyon-juniper, mountain  brush,  sagebrush,  and 
spnice-fir  commmiities  at  1675  to  2625  m  in 
Beaver,  Carbon,  Daggett,  Duchesne,  Gar- 
field, Grand,  Iron,  Juab,  Kane,  Millard,  Piute, 
Rich,  San  Juan,  Sevier,  Summit,  Tooele,  Uin- 
tah, Utah,  and  Washington  counties;  Wash- 
ington to  North  Dakota,  south  to  California, 
Arizona,  and  Colorado;  44  (viii).  A  phase 
with  flowers  almost  completely  white  or 
pink,  which  tend  to  open  wide  (apparently  P. 
utahense,  sens,  str.),  occurs  in  sandy  soils  in 
the  ponderosa  pine  and  adjacent  plant  com- 
munities in  eastern  Washington  and  western 
Kane  and  Garfield  counties.  Possibly  these 
plants  are  worthy  of  taxonomic  recognition. 
More  work  is  indicated,  but  similar  plants  oc- 
cur elsewhere  within  the  range  of  var. 
johnstonii. 

Polygonum  hydropiper  L.  Water-pepper. 
Plants  annual  (sometimes  perennial?),  the 
stems  occasionally  rooting  at  the  nodes, 
mainly  3-8  dm  tall;  leaves  with  short  petioles 


or  else  subsessile,  not  jointed  at  the  base,  the 
blades  3-10  cm  long,  0.5-3  cm  broad,  lan- 
ceolate to  elliptic,  acute  to  acuminate  api- 
cally, acute  to  cuneate  basally,  sparsely  stri- 
gose  to  glabrous,  ciliate;  stipules  8-15  mm 
long,  not  shredded,  strigose  to  glabrous,  ci- 
liate with  long  bristles;  flowers  several  to 
many,  borne  in  terminal  and  usually  also  in 
lateral,  spikelike,  interrupted  racemes  2-8 
cm  long;  perianth  2.5-4  mm  long,  glandular- 
dotted,  united  ca  one-third  the  length,  usual- 
ly 4-lobed,  the  lobes  greenish  with  white  or 
pink  margins;  styles  2  or  3,  distinct;  achenes 
lens  shaped  or  3-angled,  brown.  Irrigation 
ditches,  roadsides,  and  bottomlands  at  ca 
1340  to  1375  m  in  Salt  Lake  and  Utah  coun- 
ties; widespread  in  North  America;  adventive 
from  Europe;  3  (0).  The  herbage  has  a  pep- 
pery flavor. 

Polygonum  kelloggii  Greene  Kellogg 
Knotweed.  Annuals,  erect  or  ascending,  1-9 
cm  tall,  the  stems  angled,  simple  or 
branched;  leaves  3-20  (25)  mm  long,  0.5-2 
mm  wide,  usually  crowded  and  bracteate  up- 
ward (surpassing  the  flowers),  and  sometimes 
white  margined,  sessile  or  nearly  so,  jointed 
at  the  base;  stipules  lacerate,  2-7  mm  long; 
pedicels  mostly  included;  perianth  1.5-2.5 
mm  long,  connate  in  lower  one-third,  the  5 
lobes  subequal  or  the  outer  ones  largest, 
green  with  white  or  pink  margins;  stamens  8, 
the  5  outer  ones  with  linear  filaments  and 
usually  abortive  anthers;  stigmas  3;  achenes 
3-angled,  1.5-2  mm  long,  yellow  to  brownish, 
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shining  and  smooth  or  brown  and  dull.  Moun- 
tain brush,  sagebrush,  ponderosa  pine,  mead- 
ows, lodgepole  pine,  aspen,  and  spruce-fir 
commimities  at  1830  to  3235  m  in  Cache, 
Daggett,  Duchesne,  Emery,  Garfield,  Salt 
Lake,  San  Juan,  Sevier,  Summit,  Uintah,  and 
Wasatch  coimties;  British  Columbia  to  Mon- 
tana, south  to  California,  Arizona,  and  Colo- 
rado; 29  (iii). 

Polygonum  lapathifolium  L.  Willow- 
weed.  [P.  nodosum  Pers.;  P.  scabrum 
Moench;  P.  pensijlvaniciim  authors,  not  L.]. 
Plants  annual,  erect  or  prostrate  (rarely  root- 
ing at  the  nodes),  1-9  dm  long;  leaves  petio- 
late  to  subsessile,  not  jointed  at  the  base; 
blades  2-20  cm  long,  0.6-7  cm  wide,  lanceo- 
late to  oblong  or  elliptic,  acuminate  to  acute 
(abruptly  rounded)  apically,  acute  to  cuneate 
basally,  glabrous  or  pubescent,  ciliate  or 
glabrous  marginally;  stipules  5-20  mm  long, 
not  shredded,  glabrous  to  pubescent,  sparsely 
short-ciliate  to  glabrous  apically;  flowers  sev- 
eral to  many,  borne  in  spikelike  racemes,  of- 
ten aggregated  in  panicles,  the  peduncles  of- 
ten stipitate  (or  sessile)  -glandular;  perianth 
2-3  mm  long,  not  (or  sometimes)  glandular- 
dotted,  united  only  near  the  base,  4-  to  5- 
lobed,  the  lobes  greenish,  white,  or  pink,  fi- 
nally strongly  veined,  the  veins  branched  api- 
cally and  the  ends  recurved;  styles  2  or  3; 
achenes  lens  shaped  or  3-angled,  brown,  lus- 
trous. Bogs,  marshes,  sand  bars,  stream  and 
river  margins  at  790  to  2135  m  in  Cache, 
Daggett,  Garfield,  Grand,  Millard,  Piute, 
Rich,  Salt  Lake,  San  Juan,  Uintah,  Utah, 
Washington,  Wayne,  and  Weber  counties; 
widely  scattered  in  North  America;  adven- 
tive  (or  indigenous  in  part?)  from  Eurasia;  43 
(vi). 

Polygonum  minimum  Wats.  Broadleaf 
Knotweed.  Annuals,  ascending  to  erect,  the 
stems  not  conspicuously  striate,  terete  or 
triangular,  5-10  (25)  cm  long;  leaves  crowded 
only  near  the  stem  tips,  5-15  mm  long,  2-8 
mm  wide,  elliptic,  ovate,  or  obovate,  some- 
what smaller  above,  acute  to  mucronate  api- 
cally, acute  basally,  the  blades  sessile  at  the 
basal  joint;  stipules  shredded,  2-4  mm  long; 
flowers  1-4  axillary;  pedicels  included;  peri- 
anth 1.5-2  mm  long,  united  ca  one- third  the 
length,  5-lobed,  the  lobes  greenish  with  white 
or  pink  edges,  subequal;  stigmas  3;  achenes  3- 
angled,  black,  lustrous.  Spruce-fir  and  alpine 


communities,  often  in  rockstripes  or  talus,  at 
ca  2745  to  3390  m  in  Cache,  Salt  Lake,  and 
Summit  counties;  Alaska  south  to  California, 
Nevada,  and  Colorado;  3  (0). 

Polygonum  persicaria  L.  Ladysthumb.  An- 
nuals, erect  to  ascending,  mainly  1.5-10  dm 
tall;  leaves  petiolate  to  subsessile,  not  jointed 
at  the  base;  blades  1.5-15  cm  long,  0.4-4  cm 
wide,  lanceolate  to  elliptic  or  oblong,  acumi- 
nate to  attenuate  apically,  acute  to  cuneate 
basally,  with  a  purplish  spot  near  the  center, 
usually  glabrous,  ciliate;  stipules  5-15  mm 
long,  not  shredded,  usually  pubescent,  long- 
ciliate  apically;  flowers  several  to  numerous, 
borne  in  terminal  and  usually  axillary  ra- 
cemes; perianth  1.5-3  mm  long,  not  glandu- 
lar-dotted, united  only  near  the  base,  5-lobed, 
the  lobes  pinkish  or  whitish,  not  strongly 
veined  and  with  vein  ends  not  recurved; 
styles  2  or  3;  achenes  lens  shaped  or  3-angled, 
black,  lustrous.  Fence  lines,  canal  banks, 
marshes,  pond  margins,  fields,  gardens,  and 
pastures  at  915  to  2135  m  in  Cache,  Du- 
chesne, Garfield,  Salt  Lake,  Uintah,  Utah, 
Wasatch,  Washington,  and  Weber  counties; 
widespread  in  North  America;  Eurasia;  24 
(0). 

Polygonum  ramosissimum  Michx.  Bushy 
Knotweed.  Annuals,  ascending  or  erect,  the 
stems  striate  and  somewhat  angled,  1-10  dm 
tall;  leaves  not  crowded,  10-50  mm  long,  2-6 
mm  wide,  linear-oblong  to  lance-elliptic,  usu- 
ally acute,  gradually  reduced  upward,  short- 
petiolate  above  the  joint;  stipules  shredded, 
5-10  mm  long;  pedicels  exserted;  perianth 
2.4-4.4  mm  long,  united  ca  one-third  the 
length,  5-lobed,  green  or  with  pink,  white,  or 
yellow  margins,  the  outer  ones  broader  than 
the  inner;  stigmas  3;  achenes  3-angled,  brown 
to  black,  lustrous.  Open  sites  and  (mainly)  in 
saline  meadows  at  1340  to  1770  m  in  Cache, 
Duchesne,  Juab,  Millard,  Salt  Lake,  Uintah, 
and  Utah  counties;  widespread  in  North 
America;  Europe;  23  (0).  The  closely  allied, 
but  hardly  differentiated  and  possibly  identi- 
cal P.  argyrocoleon  Steud.  has  been  identified 
from  Utah.  The  material  grades  continously 
with  P.  ramosissimum,  and  the  older  name  is 
applied.  That  taxon  might  be  valid  beyond 
Utah. 

Polygonum  viviparum  L.  Alpine  Bistort. 
Perennials,  erect  from  short,  expanded  bases; 
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stems  7-40  (55)  cm  tall;  basal  leaves  well  de-  Summit,  and  Uintah  counties;  Alaska  east  to 
veloped,  3-25  cm  long,  the  blades  1.5-13  cm  Newfoundland,  south  to  Oregon,  Nevada, 
long,  3-25  mm  wide,  oblong  to  elliptic,  Ian-  New  Mexico,  Minnesota,  and  Maine;  21  (vi). 
ceolate,  or  oval,  attenuate  to  acute  apically, 
cuneate  to  subcordate  basally;  petioles  well 
developed,  not  jointed;  cauline  leaves  re- 
duced upward;  stipules  1-6  cm  long,  not  ^^^^^j  biennial,  or  perennial  herbs  from 
shredded,  often  Oaring  and  brownish  api-  ^^^^^^  taproots  or  rhizomes;  leaves  alternate, 
cally,  the  upper  ones  seldom  bladeless;  flow-  ^asal  or  mostly  cauline,  gradually  reduced 
ers  several  to  numerous,  borne  in  terminal,  j-d;  stipules  sheathing;  flowers  borne  in 
spikelike  racemes  2--12  cm  long,  at  east  the  j^les,  not  subtended  by  a  regular  in- 
lower  (sometimes  all)  replaced  by  bulblets;  ^^^^,^,^.  perianth  of  6  (rarely  4),  petaloid  or 
perianth  2-3.5  mm  long  the  lobes  connate  ^^^^  segments,  the  inner  3  segments  en- 
only  near  the  base,  5-lobed,  greenish  with  ^  ■  -^  ^^-^  ^^^  f^^.^^  ^^  ..^.^^^  ^^ 
with  white  (cream)  to  pink  margins,  sub-  'Valves"  enclosing  the  fruit,  the  midveins  of 
equal;  stamens  often  vestigial;  styles  3,  ex-  ^^e  valves  sometimes  thickened  and  forming 
serted;  achenes  3-angled,  brownish,  lustrous  g^ainlike  tuberosities  on  the  segments;  sta- 
seldom  developing.  Sedge-grass  meadows  and  ^^^^  ^^^^^^jj^  g.  -^-^  3-carpelled,  the  ovary 
alder-birch-willow  streamside  habitats,  ^.j^^uled,  1-ovuled;  styles  3;  fruit  a  3-angled 
mainly  in  lodgepole  pine  and  spruce-fir  com-  achene 

numities,  at  2470  to  3570  m  in  Daggett,  Du-  Rechinger,  K.  H.  Jr.  1937.  The  North  American  species 

chesne,   Emery,  Garfield,   San  Juan,   Sevier,  of  Ri/)?u. v.  Field  Museum  Publ.  Bot.  17: imlSl. 


1.  Flowers  mostly  or  entirely  imperfect;  plants  usually  dioecious;  leaves  hastate 

or  elliptic  to  oblanceolate 2 

Flowers  all  or  mostly  perfect;  leaves  various  3 

2(1).         Leaves  all  or  some  of  them  hastate;  plants  rhizomatous,  sod  forming,  weedy 

R.  acetosella 

—  Leaves  elliptic,  tapering  at  both  ends;  plants  from  thick  taproots,  not  sod 
forming,  not  weedy  R.  paucifolius 

3(1).         Plants  rhizomatous,   the   rhizomes  black,   spreading;   valves  of  fruit   mainly 

10-20  mm  wide  R.  venosus 

—  Plants  from  taproots  (sometimes  tuberous);  valves  of  fruit  less  than  10  mm 
wide,  or,  if  wider  (as  in  R.  hymenosepaliis),  from  deeply  set  tuberous  roots  4 

4(3).         Plants  from  deeply  set  tuberous  roots;  valves  of  fruit  usually  10-20  mm  wide 

when  mature;  habitats  in  sand  dunes  and  other  sandy  sites R.  hymenosepalus 

—  Plants  from  a  superficial  taproot;  valves  of  fruit  less  than  10  mm  wide  at 
maturity;  habitats  various,  but  seldom  if  ever  as  above 5 

5(4).         Valves  toothed  along  the  margins,  the  teeth  at  least  1  mm  long  at  maturity  6 

—  Valves  entire  or  toothed,  but,  if  toothed,  the  teeth  less  than  1  mm  long 9 

6(5).         Tuberosities  lacking  or  forming  on  only   1  or  2  of  the  valves;  basal  leaves 

mainly  5-10  cm  wide  or  more  R.  obtusifolius 

—  Tuberosities  usually  forming  on  all  valves;  leaves  mostly  less  than  4  cm  wide 
(wider  in  R.  occidentalis)  7 

7(6).         Plants  perennial;  inflorescences  paniculate,  not  especially  verticillate  in  lower 

nodes R.  stenophyllus 

—  Plants  annual;  inflorescences  of  verticillate  panicles,  the  verticels  apparent  in 
lower  nodes  and  sometimes  throughout 8 
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8(7).         Valves  4-6  mm  long  at  maturity;  teeth  subulate;  tuberosities  more  than  0.5 

mm  wide;  leaves  not  papillose  R.  dentatus 

—  Valves  2-3  mm  long;  teeth  bristlelike;  tuberosities  less  than  0.5  mm  wide; 
leaves  papillose,  at  least  some R.  maritimus 

9(5).         Stems  with  axillary  branches  at  some  or  all  nodes  below  the  inflorescence, 

usually  decumbent-ascending  R.  salicifoliiis 

—  Stems  seldom  with  axillary  branches  below  the  inflorescence  (except  in  some 

R.  occidentalis),  erect  or  essentially  so 10 

10(9).       Valves  without  tuberosities,  even  in  fruit  R.  occidentalis 

—  Valves  with  tuberosities  on  1  or  more  of  them  11 

11(10).     Valves  cordate,  5-9  mm  long;  basal  and  lower  leaves  typically  rounded  to 

tnmcate  or  cordate,  the  margins  not  especially  crisped  R.  patentia 

—  Valves  triangular-ovate,  mostly  3-5  mm  long;  basal  and  lower  leaves  rounded 

to  acute  basally,  the  margins  strongly  crisped R.  crispus 

Rumex  acetosella  L.  Sheep  Sorrel.  Pe-  perianth  1.5-2  mm  long,  the  outer  segments 
rennial,  dioecious,  erect  herbs  from  slender  not  reflexed;  inner  segments  much  enlarged 
rhizomes;  stems  1-6  dm  tall,  usually  un-  in  fruit,  3-5  mm  long,  cordate  to  deltoid  or 
branched  below  the  inflorescence;  basal  ovate,  denticulate  to  entire,  usually  each 
leaves  long-petiolate;  cauline  leaves  becom-  (sometimes  only  1  or  2)  bearing  a  reticulately 
ing  short-petiolate  to  subsessile;  blades  1-8  patterned  tuberosity  almost  half  as  long  as 
cm  long,  2-25  mm  wide,  oblong  to  ovate,  lin-  the  segment;  achenes  2-3  mm  long,  brown, 
ear,  lanceolate,  or  elliptic,  hastately  lobed  ba-  lustrous.  Weedy  plants  of  open  sites  at  760  to 
sally,  attenuate,  acute  or  obtuse  apically;  2440  m  in  probably  all  Utah  counties;  wide- 
flowers  numerous,  imperfect,  borne  in  leaf-  spread  in  North  America;  adventive  from  Eu- 
less  panicles,  often  purplish  tinged;  fruiting  rasia;  72  (v). 

pedicels  jointed  at  flower  base;  perianth  seg-  Rumex  dentatus  L.  Annual  or  biennial 
ments  0.5-1.8  mm  long  in  flower,  the  outer  herbs,  erect,  from  tap  or  fibrous  roots;  stems 
ones  not  reflexed,  the  inner  ones  enlarging  mainly  2-7  dm  tall;  leaves  cauline  or  essen- 
and  investing  the  achene,  1-2  mm  long,  tially  so,  the  lower  ones  long-petiolate; 
ovate,  entire,  lacking  tuberosities;  achenes  blades  1-6  cm  long,  oblong,  rounded  to  sub- 
1-2  mm  long,  yellowish  brown,  lustrous,  cordate  basally,  rounded  to  acute  apically; 
sometimes  adherent  to  the  valves.  Roadsides,  flowers  mainly  perfect,  borne  in  verticillate 
meadows,  and  other  open  sites  at  1370  to  panicles;  pedicels  thickened  apically,  jointed 
2745  m  in  Beaver,  Cache,  Carbon,  Davis,  below  midlength;  valves  in  fruit  triangular, 
Duchesne,  Emery,  Grand,  Piute,  Salt  Lake,  4-6  mm  long,  toothed  marginally,  the  teeth 
Sanpete,  Summit,  Uintah,  and  Weber  coun-  1.5-2  mm  long,  usually  all  with  a  pro- 
ties;  widespread  in  North  America;  adventive  nounced  tuberosity.  Moist,  open  sites  at  ca 
from  Eurasia;  25  (vi).  1340  m  in  Salt  Lake  County  (Arnow  5263 

Rumex  crispus  L.  Curled  Dock.  Perennial  UT);  adventive  from  Asia;  1  (0). 
erect  herbs  from  taproots;  stems  3-10  dm  tall  Rumex  hymenosepalus  Torr.  Canaigre. 
or  more;  basal  leaves  long-petiolate;  blades  Perennial  herbs,  from  deeply  seated,  tuberous 
8-40  cm  long,  1.2-6  cm  wide,  oblong-Ian-  roots;  stems  mainly  2-10  dm  tall;  lower 
ceolate  to  elliptic,  acute  to  rounded  basally,  leaves  long-petiolate;  blades  mainly  8-25  cm 
acuminate  to  acute  apically,  undulate-crisped  long,  2-12  cm  wide,  elliptic  to  lanceolate  or 
(the  margin  appearing  irregularly  lobed  due  oblanceolate,  cuneate  basally,  acute  to 
to  numerous  overlapping  folds  in  pressed  acuminate  apically,  more  or  less  fleshy;  cau- 
specimens;  cauline  leaves  somewhat  smaller  line  leaves  reduced  and  short-petiolate  up- 
upward,  short-petiolate;  flowers  numerous,  ward;  stipular  sheathes  1-4  cm  long;  panicles 
perfect,  borne  in  panicles  with  large  leafy  compact,  10-35  (40)  cm  long,  usually  pink- 
bracts  to  midlength  or  above,  usually  green-  ish;  pedicels  4-12  mm  long,  jointed  near  the 
ish;  fruiting  pedicels  jointed  above  the  base;  middle;  perianth  2-4  mm  long  at  anthesis. 
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the  valves  8-18  mm  long  in  fruit,  cordate- 
ovate  to  suborbicular,  reticulate,  rounded 
apically.  Blackbrush,  Vanclevea,  ephedra, 
and  other  sandy  desert  shrub  communities  at 
760  to  1680  m  in  Daggett,  Garfield,  Grand, 
Kane,  San  Juan,  Uintah,  and  Washington 
counties;  California,  Nevada,  Arizona,  New 
Mexico,  Texas,  Colorado,  and  Wyoming; 
Mexico;  49  (vi). 

Rumex  maritimtis  L.  Golden  Dock.  [R. 
maritimus  var.  athrix  St.  John,  type  from  Ver- 
million]. Annual  (or  biennial?)  herbs,  erect 
from  taproots;  stems  0.5-8  dm  tall;  basal 
leaves  usually  reduced;  cauline  leaves  well 
developed,  but  reduced  in  size  upward,  short- 
petiolate;  blades  2-15  cm  long,  1-4  cm  wide, 
oblong  to  lanceolate,  rovmded  to  subcordate 
or  acute  basally,  acute  to  acuminate  or  ob- 
tuse apically,  undulate  to  plane;  flowers  nu- 
merous, borne  in  compact  axillary  clusters, 
the  inflorescence  leafy  throughout  or  nearly 
so,  often  half  the  total  plant  height,  greenish; 
pedicels  jointed  near  or  at  the  base;  perianth 
1-2  mm  long  in  flower,  the  outer  ones  not  re- 
flexed;  inner  segments  3-7  mm  long  (includ- 
ing the  acuminate  apex)  in  fruit,  ovate,  with 
2-4  slender  teeth  per  segment,  each  tooth 
1.5-5  mm  long,  the  valves  each  usually  with 
a  well-developed  tuberosity  ca  half  as  long  as 
the  segment;  achenes  1.5-2  mm  long,  brown, 
lustrous.  Lake  shores,  stream  margins,  pond 
and  seep  margins,  and  other  moist  sites  at 
1220  to  2565  m  in  Cache,  Carbon,  Daggett, 
Duchesne,  Emery,  Garfield,  Juab,  Kane, 
Piute,  Rich,  Salt  Lake,  Sanpete,  Uintah,  and 
Wayne  counties;  widespread  in  North  and 
South  America;  Europe;  40  (ii).  Our  speci- 
mens belong  to  var.  fuegineus  (Phil.)  Dusen 
[R.  fuegineus  Phil.;  P.  maritimus 
ssp.fuegineus  (Phil.)  Hulten]. 

Rumex  obtusifolius  L.  Bitter  Dock.  Pe- 
rennial, erect  herbs  from  taproots;  stems 
4-12  dm  tall  (or  more),  usually  unbranched 
below  the  inflorescence;  basal  leaves  long-pe- 
tioled;  blades  10-40  cm  long,  4-15  cm  wide, 
ovate  to  oblong  or  lanceolate,  cordate  to 
truncate  basally,  obtuse  to  acute  or  acumi- 
nate apically,  imdulate;  cauline  leaves  like 
the  basal  ones,  somewhat  smaller  and  with 
shorter  petioles  upward;  flowers  numerous, 
perfect,  borne  in  panicles  with  leafy  bracts  to 
the  middle  or  above,  usually  greenish;  per- 
ianth segments  2-3  mm  long,  the  outer  ones 


not  reflexed;  inner  segments  3.5-5  mm  long 
in  fruit,  ovate,  with  4-6  teeth  per  segment, 
each  tooth  0.5-2  mm  long,  at  least  some 
valves  with  a  prominent  tuberosity;  achenes 
1.5-2  mm  long,  brown,  lustrous.  Rural  weeds, 
mainly  on  canal  and  stream  banks,  at  1370  to 
2290  m  Cache,  Davis,  Salt  Lake,  Tooele,  and 
Utah  counties;  widespread  in  North  America; 
adventive  from  Eurasia;  13  (i). 

Rumex  occidentalis  Wats.  Western  Dock. 
[R.  subalpina  Jones,  type  from  near  Marys- 
vale].  Perennial,  erect  herbs  from  taproots; 
stems  5-20  dm  tall,  usually  unbranched  be- 
low the  inflorescence,  often  reddish  tinged; 
basal  leaves  long-petioled;  blades  0.6-4  dm 
long,  3-15  cm  wide,  oblong  to  ovate  or  ob- 
long-lanceolate, cordate  to  truncate  or  obtuse 
basally,  rounded  to  obtuse  or  acute  apically, 
usually  more  or  less  undulate-crisped;  cauline 
leaves  reduced  upward;  flowers  numerous, 
perfect,  borne  in  panicles  with  leafy  bracts 
only  near  the  base,  greenish;  fruiting  pedicels 
obscurely  jointed  near  or  below  the  middle; 
perianth  segments  2-4  mm  long,  the  outer 
ones  not  reflexed,  the  inner  ones  4-10  mm 
long  in  fruit,  ovate  to  oval  (mostly  longer 
than  broad),  denticulate  to  entire,  lacking  tu- 
berosities; achenes  3-4  mm  long,  brown,  lus- 
trous. Meadows,  aspen,  and  spruce-fir  com- 
munities at  1830  to  3175  m  in  Duchesne, 
Garfield,  Sanpete,  and  Wasatch  counties; 
Alaska  to  Quebec,  south  to  California,  evada. 
New  Mexico,  and  South  Dakota;  5  (0). 

Rumex  patentia  L.  Perennial,  erect  herbs 
from  a  taproot;  stems  mainly  6-15  dm  tall, 
unbranched  below  inflorescence;  basal  leaves 
long-petiolate;  blades  mainly  10-30  cm  long 
and  6-15  cm  wide,  ovate-oblong  to  lanceo- 
late or  oblong,  subcordate  to  truncate  or 
acute  basally,  acute  to  acuminate  apically; 
panicles  dense,  2-5  dm  long,  leafy  bracteate 
to  the  middle;  pedicels  jointed  at  or  below 
the  middle;  flowers  perfect,  outer  segments 
1.5-2  mm  long,  finally  reflexed,  inner  ones 
5-9  mm  long  in  fruit,  ovate  to  suborbicular 
and  cordate  basally,  entire  to  denticulate,  one 
valve  (only)  with  a  tuberosity;  achenes  3-3.5 
mm  long.  Weedy  species  of  open  sites  at 
1340  to  2440  m  in  Cache,  Salt  Lake,  and 
Utah  counties;  widely  distributed  in  North 
America;  introduced  from  Eurasia;  6  (i).  This 
species  is  not  clearly  differentiated  from 
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R.  occidentalis  q.v.,  and  evidently  forms  in- 
termediates with  both  R.  crispus  and  R. 
obtusifolius. 

Rtimex  paucifolius  Nutt.  Alpine  Sorrel. 
Perennial,  dioecious  herbs  from  a  taproot  and 
thick  root-crown;  stems  mainly  1-7  dm  tall, 
unb ranched  below  the  inflorescence;  basal 
leaves  well  developed,  petiolate;  blades  2-13 
cm  long,  elliptic,  acute  to  attenuate  at  both 
ends,  much  reduced  upward;  inflorescence 
essentially  ebracteate,  often  as  much  as  half 
the  plant  height;  flowers  imperfect,  com- 
monly red;  pedicels  jointed  near  the  middle; 
outer  perianth  segments  not  reflexed;  valves 
3-4  mm  long,  cordate  to  suborbicular,  lack- 
ing tuberosities;  achenes  smooth,  ca  1.5  mm 
long.  Meadows  in  aspen  and  spruce-fir  com- 
munities at  2095  to  3050  m  in  Cache,  Rich, 
Salt  Lake,  Summit,  and  Wasatch  counties; 
British  Columbia  and  Alberta,  south  to  Cali- 
fornia and  Colorado;  23  (i). 

Rtimex  salicifolius  Weinm.  Beach  Dock. 
Perennial,  decumbent  to  ascending  (or  erect) 
herbs  from  taproots,  mainly  2-6  dm  tall, 
branching  from  the  lower  nodes;  leaves  most- 
ly cauline,  short-petiolate,  not  much  reduced 
upward;  blades  3-20  cm  long,  3-30  mm 
wide,  narrowly  lanceolate  to  oblong  or  lin- 
ear, acute  to  rounded  basally,  acute  apically, 
plane  to  undulate,  not  crisped;  flowers  nu- 
merous, perfect,  borne  in  panicles,  these 
more  or  less  leafy-bracteate,  usually  greenish; 
fruiting  pedicels  jointed  near  the  base;  peri- 
anth segments  1-2  mm  long,  outer  ones  not 
reflexed,  inner  2-4  mm  long  in  fruit,  ovate  to 
deltoid,  entire  to  denticulate,  with  tuber- 
osities on  all  valves  or  lacking  on  all  valves; 
achenes  1.5-2.5  mm  long,  brown,  lustrous. 
Salt  grass,  salt  desert  shrub,  sagebrush,  pi- 
nyon-juniper,  mountain  brush,  aspen-tall 
forb,  Douglas  fir,  and  spruce-fir  communities 
at  1340  to  3205  m  in  Beaver,  Cache,  Carbon, 
Davis,  Duchesne,  Emery,  Garfield,  Iron, 
Juab,  Kane,  Piute,  Rich,  Salt  Lake,  Sanpete, 
Sevier,  Summit,  Tooele,  Uintah,  Utah, 
Wasatch,  and  Weber  counties;  Alaska  to 
Quebec,  south  to  California,  Texas,  and  New 


York;  79  (viii).  Our  material  has  been  treated 
within  two  varities;  var.  montigenitus  Jep- 
son,  with  tuberosities  lacking  on  the  valves, 
and  var.  mexicanus  (Meisn.)  C.  L.  Hitchc. 
[R.  mexicanus  Meisn.;  R.  utahensis  Rech.  f.], 
with  tuberosities  on  the  valves.  Transitional 
specimens  connect  the  varieties,  which  are 
not  geographically  correlated.  Both  of  the 
varieties  are  regarded  as  phases  within  ssp. 
triangulivalvis  Danser. 

Rumex  stenophyllus  Ledeb.  Perennial, 
erect  herbs  from  taproots,  mainly  3-9  dm 
tall;  leaves  basal  and  cauline,  petiolate; 
blades  4-20  cm  long,  1-5  cm  wide,  lanceo- 
late to  lance-oblong  or  elliptic,  obtuse  to 
acute  basally,  acute  to  attenuate  apically; 
panicles  loose  to  dense,  mainly  2-4  dm  long; 
pedicels  jointed  below  the  middle;  outer 
perianth  segments  1-2  mm  long,  the  valves 
with  tuberosities;  achenes  2-2.5  mm  long, 
lustrous.  Palustrine,  riparian,  and  lacustrine 
habitats  at  ca  1400  to  1590  m  in  Uintah  (near 
Ouray)  County;  Wyoming;  adventive  from 
Eurasia  (?);  5  (0).  These  plants  are  more  or 
less  intermediate  between  R.  obtusifolius  and 
R.  crispus,  neither  of  which  is  known  from 
the  locality  where  this  species  occurs. 

Rumex  venosus  Pursh  Perennial  herbs 
from  creeping  rhizomes;  stems  erect,  1-5  dm 
tall,  usually  branched;  stipules  conspicuous, 
1-5  cm  long;  leaves  cauline,  the  lowermost 
lacking  blades;  blades  mostly  2-14  cm  long, 
1-6  cm  wide,  ovate  to  elliptic  or  oblong, 
leathery,  obtuse  to  acute  basally;  flowers  nu- 
merous, in  more  or  less  leafy  bractrate  pan- 
icles; pedicels  jointed  near  the  middle;  per- 
ianth segments  4-5  mm  long,  the  valves 
15-35  mm  long,  usually  suffused  with  red,  or- 
bicular to  subreniform,  cordate  basally, 
rounded  apically,  reticulate,  lacking  tubero- 
sities; achenes  5-6  mm  long,  smooth.  Sand 
dunes  and  other  sandy  habitats  at  1370  to 
2230  m  in  Cache,  Davis,  Grand,  Juab,  Kane, 
Millard,  Salt  Lake,  Tooele,  Uintah,  and  Utah 
counties;  British  Columbia  to  Saskatchewan, 
south  to  California,  New  Mexico,  and  Ne- 
braska; 15  (iii). 


SOIL  WATER  AND  TEMPERATURE  RESPONSE  TO  PRESCRIBED  BURNING' 

S.  G.  Whisenant",  C.  J.  Scifres',  and  D.  N.  Ueckert' 


Abstract.— Prescribed  burning  of  Texas  wintergrass  (Stipa  leticotriclia  Trin.  &  Riipr.)  communities  reduced  soil 
water  contents  for  two  to  six  months,  and  additional  reductions  occurred  when  the  subsequent  crop  of  cool-season 
grasses  and  forbs  began  growth.  These  soil  water  reductions  occurred  despite  reduced  plant  production  following 
burning.  Soil  water  reductions  were  greater  at  1.5  to  4.5  cm  depths  than  in  the  upper  15  cm  and  greater  following 
spring  burning.  Soil  temperatures  were  higher  on  burned  plots  for  most  of  the  first  vear  following  burning. 


Fire  can  affect  soil  through:  (1)  direct  ac- 
tion of  heat,  (2)  removal  of  mulch  and  stand- 
ing crop,  and  (3)  the  redistribution  of  certain 
nutrients.  Grassland  fires  are  flashy  and  sel- 
dom create  prolonged  high  temperatures  at 
the  soil  surface  (Daubenmire  1968,  Vogl 
1974,  Wright  and  Bailey  1982).  Thus,  it  is  un- 
likely that  the  direct  action  of  heat  has  a  sig- 
nificant effect  on  grassland  soils.  Although 
changes  in  soil  temperatures  during  grassland 
fires  are  relatively  small,  soil  temperatures 
may  be  increased  following  the  fire  due  to  in- 
creased solar  insolation.  Sharrow  and  Wright 
(1977)  reported  increased  soil  temperature  at 
8  cm  depths  for  15-45  days  following  burn- 
ing of  tobosagrass  [Hilario  mutica  (Buckl.) 
Benth.]  on  a  Stamford  clay  site.  Since  the 
same  change  occurred  on  similar  areas  from 
which  top  growth  and  mulch  were  mechani- 
cally removed,  soil  insulation  by  mulch  was 
apparently  responsible  for  lower  soil  temper- 
atures on  unburned  areas. 

In  most  arid  and  semiarid  grasslands,  soil 
water  content  is  the  single  most  important 
factor  influencing  primary  production  (Webb 
et  al.  1978).  Fire  is  a  natural  phenomenon  of 
most  grassland  ecosystems  and  can  pro- 
foundly affect  soil  water  levels  (Daubenmire 
1968).  Following  burning  of  grasslands,  infil- 
tration has  been  reported  as  both  reduced 
(Hanks  and  Anderson  1957)  and  unaffected 
(Ueckert  et  al.  1979).  Changes  in  infiltration 


rates  of  rangeland  soils  are  usually  attributed 
to  litter  removal  rather  than  direct  heat  ef- 
fects (Daubenmire  1968). 

One  innovative  study  (Sharrow  and  Wright 
1977)  found  soil  water  levels  were  reduced  in 
the  0-8  cm  depths  following  litter  removal 
on  soil  with  active  roots.  However,  when  ac- 
tive roots  were  excluded  litter  removal  did 
not  reduce  soil  water  levels.  They  concluded 
that  "reduced  soil  moisture  on  burned  areas 
is  primarily  due  to  increased  transpirational 
water  use  by  the  rapidly  growing  plants 
rather  than  evaporation  of  water  from  bare 
soil."  A  long-term  study  of  soil  water  trends 
following  burning  at  Kansas  Flint  Hill  blue- 
stem  ranges  concluded  that  soil  water  reduc- 
tions were  greater  following  early  burning 
and  in  the  deeper  soil  levels  (Anderson  1965). 

The  research  data,  to  date,  describes  soil 
water  and  soil  temperature  changes  occur- 
ring following  burning  of  warm-season  grass- 
lands such  as  tobosagrass  and  big  bluestem 
{Andropogon  gerardii  Vitman).  Little  infor- 
mation is  available  on  changes  in  soil  water 
and  soil  temperature  following  burning  of  a 
predominantly  cool-season  grassland.  The  ob- 
jectives of  this  study  were  to  evaluate  the  in- 
fluence of  fall,  winter,  and  spring  burning  on 
soil  water  contents  and  soil  temperatures  in  a 
Texas  wintergrass  {Stipa  leucotricha  Trin.  & 
Rupr.)  community. 


'Published  with  the  approval  of  the  Director,  Texas  Agricultural  Experiment  Station  as  TA-1952(). 
■Department  of  Botany  and  Range  Science,  Brighani  Young  University,  Provo,  Utah  84602. 
'Department  of  Range  Science,  Texas  A  &  M  University.  College  Station,  Texas  77843. 
'Texas  Agricultural  Experiment  Station,  Rt.  2,  Box  950,  San  Angelo,  Texas  76901. 
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Study  Areas  and  Methods 

Research  was  conducted  on  a  6.5  ha  study 
area  in  McCuUoch  County,  Texas.  Tliis  area 
typically  has  dry  winters  and  hot  summers, 
with  precipitation  peaks  in  April-May,  and 
September-October.  The  mean  annual  pre- 
cipitation is  59  cm  (Bynum  and  Coker  1974). 

Tobosa  clay  (fine,  montmorillonitic,  ther- 
mic, Typic  Chromustert)  soils  occur  on  the 
lower  areas  of  the  study  site,  and  Valera  clay 
soils  (fine,  montmorillonitic,  thermic,  Petro- 
calcic  Calcuistoll)  occur  on  the  uplands.  The 
Tobosa  clay  is  deep,  moderately  well 
drained,  and  cracks  deeply  when  dry.  Water 
enters  the  dry,  cracked  soil  very  rapidly,  but 
water  movement  into  wet  soil  is  extremely 
slow.  Runoff  is  medium  and  the  available  wa- 
ter storage  capacity  is  high  (Bynum  and  Co- 
ker 1974).  The  Valera  clay  is  moderately 
deep  and  well  drained,  with  moderately  slow 
permeability.  Surface  ninoff  is  slow  to  me- 
dium and  available-water  capacity  is  high 
(Bynum  and  Coker  1974). 

Treatments  were  applied  to  0.3  ha  plots 
arranged  as  a  randomized  complete  block  ex- 
periment, with  two  replications.  Treatments 
were:  luiburned,  September  1979  burn,  Janu- 
ary 1980  burn,  March  1980  burn,  and  No- 
vember 1980  burn.  Soil  water  contents  were 
determined  gravimetrically  (Gardner  1965) 
on  five  soil  samples  each  from  0  to  15,  15  to 
30,  and  30  to  45  cm  depths  from  each  rep- 
lication. Soil  water  samples  were  collected 
monthly  from  November  1979  to  April  1981 
and  oven  dried  at  100  C  for  48  hr.  Soil  tem- 
peratures at  3,  15,  and  30  cm  below  the  sur- 
face were  determined  on  burned  and  un- 
burned  plots  using  five  placements  of  a 
probe-type  dial  thermometer.  Temperature 
data  were  collected  at  midday  at  approx- 
imately 30-day  intervals  from  September 
1979  to  March  1981. 

Soil  water  data  were  subjected  to  analyses 
of  variance  using  plot  means.  Treatment 
means  were  tested  for  significant  differences 
with  Dmican's  multiple  range  test  (P<0.05) 
where  appropriate. 


Results  and  Discussion 

Soil  water  content:  Burning  in  Septem- 
ber 1979  reduced  soil  water  contents  in  the  0 


to  15  cm  depth  zone  for  the  first  three 
months  following  burning  (Table  1).  Plots 
burned  in  March  1980  contained  less  soil  wa- 
ter in  the  surface  15  cm  zone  in  June  1980 
than  did  unburned  plots.  Decreases  in  soil 
water  contents  of  burned  plots  coincided 
with  initiation  of  growth  of  Texas  wintergrass 
and  several  cool-season,  annual  grasses  and 
forbs  {Limnodea  arkansana,  Bromiis  japon- 
icus,  and  Xanthocephalum  dracunculoides).  A 
similar  pattern  was  observed  at  another  study 
area  in  Coleman  County  (Whisenant  1982). 

Soil  water  contents  at  15  to  30  and  30  to 
45  cm  depths  followed  similar  trends  to  that 
of  the  surface  15  cm  (Table  1).  Soil  water  was 
reduced  for  two  to  six  months  following 
burning  and  again  when  the  next  season's 
cool-season  grasses  and  forbs  began  growth. 
The  greatest  reductions  in  soil  water  contents 
occurred  following  March  burns. 

These  data  differ  in  some  respects  from 
studies  of  postburn  soil  water  contents  in 
rangelands  dominated  by  warm-season 
grasses  (Anderson  1975,  Sharrow  and  Wright 
1977).  In  this  study,  soil  water  reductions 
were  greater  following  the  later  burns  rather 
than  the  earlier  burns  as  reported  by  Ander- 
son (1965).  Probably  the  most  distinct  differ- 
ence was  the  reduction  in  soil  water  contents 
when  the  cool-season  grasses  initiated  growth 
the  following  season.  This  trend  was  not  ap- 
parent in  studies  of  postburn  soil  water  in 
rangelands  dominated  by  warm-season 
grasses  (Anderson  1965,  Sharrow  and  Wright 
1977).  As  in  previous  studies,  soil  water  con- 
tents were  depleted  more  at  greater  depths 
following  burning. 

Other  researchers  have  reported  that  de- 
creased soil  water  contents  following  burning 
were  accounted  for  by  increases  in  plant  pro- 
duction and  transpiration  (Sharrow  and 
Wright  1977).  However,  soil  water  on  this 
study  site  was  reduced  despite  greatly  re- 
duced primary  production  on  the  burned 
plots  (Whisenant  et  al.  1984).  This  study  area 
was  on  a  concave  site  with  a  deep  soil  that 
cracked  when  dry,  had  little  slope,  and  con- 
tained gilgai  relief.  Thus,  it  is  unlikely  that 
runoff  was  an  important  factor.  Therefore, 
reduction  in  soil  water  content  might  be  at- 
tributed to  increases  in  transpiration  from  the 
remaining  plants  and  greater  evaporational 
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Table  1.  Mean  soil  water  contents  (%)  at  0  to  15,  15  to  30,  and  30  to  45  cm  depths  at  monthly  intervals  following 
burning  on  four  dates  in  1979-1980  in  McCulloch  County,  Texas.' 

Date  burned 

September      January        March  November 

Date  Unbiuned  1979         1980 '         1980  1980 

0  to  15  cm 

Nov  1979  Ila  8  b 

Dec  1979  31a  29  b 

Jan  1980  29a  29a  -  -  - 

Feb  1980  32a  32a 

Mar  1980  28a  28a 

Apr  1980  22ab  23a 

Mav  1980  21a  23a 

Junl980  16a  16a 

Jul  1980  12a  11a 

Aug  1980  Ila  10a 

Sep  1980  35a  36a 

Oct  1980  33a  32ab 

Nov  1980  27a  24  b 

Dec  1980  33a  33a  31a  30  b         30  b 

Jan  1981  37a  32  b         35a  36  b  29 

Feb  1981  31a  29ab         28ab         27  b         26  b 

Mar  1981  33a  34a  31a  30a  30a 

Apr  1981  30a  30a  29a  29a  27  b 

Nov  1979  Ila  9  b 

Dec  1979  30a  27  b 

Jan  1980  29a  27  b 

Feb  1980  31a  28  b 

Mar  1980  25a  22  b 

Apr  1980  24a  21  li 

Mav  1980  18ab  18ab 

Jun  1980  17a  16ab 

Jul  1980  15a  13  h 

Aug  1980  13a  12ab 

Sep  1980  32a  32a 

Oct  1980  32a  31a 

Nov  1980  29a  27a 

Dec  1980  32a  32a  31a  29  b  29  b 

Jan  1981  36a  31  b         32  b  30  be         29 

Feb  1981  30a  27  b         26  b         27  b         27  b 

Mar  1981  32a  32a  32a  31a  29  b 

Apr  1981  31a  31a  30a  30a  28  b 

Nov  1979  12a  8  b 

Dec  1979  29a  27  b  -  - 

Jan  1980  29a  26  b  -  - 

Feb  1980  3()a  27  b         25  b 

Mar  1980  24a  24a  21  b 

Apr  1980  20ab  23a  21ab  19  b 

Ma\'  1980  ISa  18a  18a  15  b 

Jun  1980  17a  16a  15  b  14  c 

Jul  1980  15ab  14  be         16a  13  c 

Aug  1980  14a  13ab  13a  12  b 

Sep  1980  32a  31a  31a  30  b 

Oct  1980  31a  3 lab         3 lab         28  b 

Nov  1980  28a  28a  28a  27a 

Dec  1980  31a  27  b         26  b  29a  28  b 

Jan  1981  32a  29  b         28  b  29  c         28  c 

Feb  1981  .32a  29  b         29  b         25  c        26  be 

Mar  1981  .35a  34a  31a  29  b         27  b 

Apr  1981  31a  30a  29a  28a  27  b 

'Means  within  a  row  followed  by  the  same  letter  are  not  significantly  different  (PS0.05)  according  to  Duncan's  multiple  range  test. 
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Fig.  1.  Soil  temperature  (C)  at  3  cm  (top),  15  cm 
(middle),  and  30  cm  (bottom)  at  monthly  intervals  fol- 
lowing burning  in  September  1979  in  McCiilloch  Comi- 
ty, Texas.  Points  within  a  depth  and  month  followed  by 
the  same  letter  are  not  significantly  different  (P<0.05) 
according  to  Duncan's  multiple  range  test. 

losses  from  the  soil.  Unburned  plots  con- 
tained 3  to  5  cm  of  ground  mulch  in  addition 
to  standing  litter.  Burning  removed  essen- 
tially all  the  ground  mulch  and  standing  lit- 
ter, which  should  have  increased  the  vapor 
pressure  gradient  between  the  soil  surface 
and  atmosphere.  The  high  clay  percentage 
(44%)  of  this  soil  would  greatly  facilitate  ca- 
pillary movement  of  soil  water  to  the  surface 
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from  lower  soil  layers.  Reductions  in  soil  wa- 
ter contents  were  greater  at  15  to  30  and  30 
to  45  cm  depths  than  in  the  surface  15  cm, 
perhaps  because  the  lower  soil  layers  re- 
ceived little  or  no  additions  of  water  from 
the  light  rains  of  late  spring  and  summer. 
Eliminating  the  standing  litter  created  a 
more  xeric  micro-environment  for  the  re- 
maining plants,  which  could  have  increased 
transpiration  rates  of  plants  on  burned  rela- 
tive to  unburned  areas. 

Soil  temperature:  Burning  affects  post- 
burn  soil  temperatures  indirectly  by  remov- 
ing living  vegetation  and  mulch.  A  con- 
sequence of  this  reduction  in  ground  cover  is 
greatly  increased  solar  insolation  on  the  soil 
surface. 

Soil  temperatures  at  3  cm  depths  were 
greater  on  the  burned  plots  for  the  first  11 
months  after  the  September  1979  fires  (Fig. 
1).  Soil  temperatures  at  3  cm  on  burned  plots 
did  not  differ  significantly  from  those  of  un- 
burned plots  in  October  and  November  1980. 
Temperatures  on  burned  plots  in  December 
1980  and  January  1981  were  again  greater 
than  on  the  unburned  plots.  Surface  temper- 
atures equilibrated  between  the  two  treat- 
ments by  February  1981  (16  months 
postburn). 

Soil  temperatures  at  15  cm  changed  more 
slowly  following  burning  than  did  temper- 
atures at  the  surface  (Fig.  1).  The  first  signifi- 
cant soil  temperature  differences  at  15  and 
30  cm  were  not  detected  until  5  months  post- 
burn  (March  1980).  At  that  time,  soil  temper- 
atures on  burned  plots  were  significantly 
higher  than  on  unburned  plots.  Soil  temper- 
atures at  15  and  30  cm  remained  higher  on 
burned  than  unburned  plots  until  September 
1980  (11  months  postburn).  Soil  temperatures 
at  15  and  30  cm  on  burned  plots  appeared  to 
equilibrate  with  unburned  plots  after  11 
months.  In  general,  soil  temperatures  were 
higher  on  burned  plots  for  most  of  the  first 
year  following  burning. 


Conclusions 

This  research  describes  a  somewhat  differ- 
ent postburn  soil  water  response  in  a  cool- 
season   grass-dominated   rangeland   than   has 
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been  reported  in  warm-season  grass-domi- 
nated rangelands.  Several  hypotheses  are  pro- 
posed that  may  explain  the  observed  soil  wa- 
ter change.  Soil  water  contents  were  reduced 
for  two  to  six  months  following  burning  and 
again  when  the  next  crop  of  cool-season 
grasses  and  forbs  began  growth.  In  contrast 
to  other  studies  where  reductions  in  soil  wa- 
ter were  accompanied  by  and  attributed  to 
increased  plant  production,  soil  water  con- 
tents and  net  primary  production  were  re- 
duced by  burning  in  this  experiment.  The  re- 
ductions in  soil  water  contents  following 
burning  were  possibly  a  result  of  increased 
evaporation  from  the  soil  and  greater  trans- 
piration from  the  remaining  plants.  Soil  wa- 
ter reductions  were  greater  at  15  to  45  cm 
than  in  the  upper  15  cm,  presumably  because 
the  deeper  soil  layers  were  in  the  zone  of 
greatest  root  activity  and  received  little  or  no 
water  from  the  relatively  light  late  spring 
and  summer  rains.  In  addition,  capillary  flow, 
caused  by  evaporation  from  the  soil,  may 
have  depleted  lower  soil  layers  of  water 
while  increasing  soil  water  in  the  upper 
layer. 

Soil  temperatures  were  increased  on 
bunied  plots  for  most  of  the  first  year  follow- 
ing burning  compared  to  adjacent,  unburned 
rangeland.  Fire  indirectly  affected  postburn 
soil  temperature  through  removal  of  living 
vegetation  and  Utter,  which  increased  solar 
radiation  on  the  soil  surface,  thus  increasing 
soil  temperatures. 
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HABITAT  AND  DISTRIBUTION  OF  PYGMY  RABBITS  {SYLVILAGUS  IDAHOENSIS) 

IN  OREGON 

Nondor  T.  Weiss'  and  B.  J.  Verts' 

Abstract.— An  investigation  to  determine  the  location  and  extent  of  populations  of  pygmy  rabbits  (Syhihigtis 
id(ihocnsis)  in  Oregon,  and  to  describe  several  biotic  and  physical  components  within  communities  that  include 
pvgmv  rabbits,  was  conducted  from  October  1981  to  September  1983.  Of  211  sites  suspected  of  supporting  the 
species  based  on  interpretation  of  museum  records,  aerial  photographs,  soil  maps,  and  interviews  with  biologists  and 
area  residents,  51  exhibited  evidence  of  being  inhabited  when  examined  in  summer  1982.  Soil  and  vegetation 
components  were  sampled  at  15  sites  occupied  by  pygmy  rabbits  and  21  sites  adjacent  thereto.  At  inhabited  sites, 
mean  soil  depth  (51.()±2..3  cm),  mean  soil  strength  of  surface  (0.8±0.2  kg/cvcfi)  and  subsurface  (3.8±0.3  kg/cm^) 
horizons,  shnib  height  (84.4 ±5.8  cm),  and  shrub  cover  (28.8  ±1.4%)  were  significantly  greater  (F<0.05)  than  at 
luioccupied  adjacent  sites,  but  percent  basal  area  of  perennial  grasses  (3.7  ±0.9%),  density  of  annual  grasses 
(5.2 ±2. 1/1,000  cur),  density  of  forbs  (3.4 ±0.6/1,000  cm^),  and  cryptogam  cover  (2.4±0.5%)  were  not.  Except  for 
the  clay  component  of  subsurface  soils,  texture  of  surface  and  subsurface  soils  were  not  significantly  different 
between  sites  occupied  bv  pygmy  rabbits  and  adjacent  sites.  The  affinity  of  pygmy  rabbits  for  areas  with  greater 
shrub  cover,  shnib  height,  soil  strength,  and  soil  depth,  and,  to  a  small  degree,  coarser  soil  texture  possibly  was 
related  to  availability  of  forage,  security  from  predation,  and  ease  of  burrow  construction.  Analysis  of  472  samples  of 
sagebnish  (Artemisia  tridentata)  collected  at  and  near  sites  inhabited  by  pygmy  rabbits  indicated  their  distribution 
was  not  dependent  upon  the  presence  of  specific  subspecies  of  sagebrush.  A  marked  decrese  in  evidence  of 
occupancy  of  sample  sites  and  of  pygmv  rabbit  activity  at  occupied  sites  in  1983  indicated  that  populations  of 
pygmy  rabbits  were  susceptible  to  rapid  declines  and  possible  local  extirpation.  Fragmentation  of  sagebrush 
communities  poses  a  potential  threat  to  populations  of  pvgmy  rabbits,  but  the  severity  of  the  threat  presently  is 
unknown. 


Pygmy  rabbits  {Sijlvilagiis  idahoensis),  the 
smallest  leporid,  are  endemic  to  the  Great 
Basin  and  adjacent  intermountain  areas  of  the 
western  United  States  (Green  and  Flinders 
1980a).  The  distribution  of  this  species  is  dis- 
junct within  a  geographic  range  that  reaches 
its  westernmost  extent  in  Oregon  (Hall  1981). 
In  Oregon  pygmy  rabbits  occur  in  seven 
counties  south  and  west  of  the  approximate 
line  connecting  Klamath  Falls,  Fremont, 
Redmond,  and  Baker  (Olterman  and  Verts 
1972).  These  rabbits  typically  are  associated 
with  clumped  stands  of  big  sagebnish  {Arte- 
misia tridentata)  (Anthony  1913,  Davis  1939, 
Orr  1940,  Bradfield  1975),  where  soils  usually 
are  deep  and  friable  (Orr  1940,  Janson  1946, 
Campbell  et  al.  1982).  Where  habitat  re- 
quirements are  met,  pygmy  rabbits  dig  rela- 
tively shallow  burrows,  usually  in  aggrega- 
tions (Janson  1946).  Because  S.  idahoensis  is 
the  only  native  leporid  to  excavate  its  own 
burrows  (Janson  1946),  the  influence  of  soil 
characteristics  upon  its  distribution  likely  is 


unique  among  rabbits  and  hares  of  this  conti- 
nent. Associations  between  pygmy  rabbits 
and  habitat  types,  however,  are  based  pri- 
marily on  natural  histories;  quantitative  de- 
scriptions of  soil  characteristics  at  sites  occu- 
pied by  pygmy  rabbits  do  not  exist,  and 
quantitative  descriptions  of  vegetation  com- 
ponents at  sites  inhabited  by  pygmy  rabbits 
are  known  from  a  single  study  conducted  in 
Idaho  (Green  and  Flinders  1980b).  Because 
large  areas  of  sagebrush  land  are  undergoing 
renovation  for  grazing  or  conversion  to  irri- 
gated agriculture  (Green  and  Flinders  1980b), 
and  because  the  current  status  of  pygmy  rab- 
bits in  Oregon  is  undetermined  (Olterman 
and  Verts  1972),  information  regarding  habi- 
tats occupied  by  S.  idahoensis  should  be  of 
special  interest  to  biologists  and  managers. 
The  objectives  of  this  study  were  to  deter- 
mine the  location  and  extent  of  populations 
of  pygmy  rabbits  in  Oregon,  and  to  describe 
several  biotic  and  physical  components  of 
habitats  occupied  by  pygmy  rabbits. 


'Department  of  Fisheries  and  Wildlife,  Oregon  State  University,  Corvallis,  Oregon  97331. 
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Methods 

Location  of  Areas 
Occupied  by  Pygmy  Rabbits 

The  search  for  pygmy  rabbits  was  con- 
ducted in  areas  where  pygmy  rabbits  were 
collected  previously.  Olterman  and  Verts 
(1972)  reported  that  museum  collections  con- 
tained S.  idahoensis  from  37  sites  in  Oregon 
(Fig.  lA),  but  locality  descriptions  obtained 
from  these  records  lacked  precision  needed 
to  locate  populations.  Interpretation  of  aerial 
photographs  and  information  obtained  from 
soil  maps  were  used  to  narrow  the  search  for 
pygmy  rabbits  within  general  areas  identified 
from  locality  descriptions  for  museum  re- 
cords. In  cooperation  with  the  Environmen- 
tal Remote  Sensing  Applications  Laboratory 
at  Oregon  State  University,  stereoscopic  sur- 
veys of  U-2  high-altitude  infrared  photo- 
graphs were  used  to  locate  areas  most  likely 
to  support  the  species.  Locations  of  areas 
with  photographic  characteristics  similar  to 
sites  with  known  populations  of  pygmy  rab- 
bits were  recorded  on  U.S.  Geographic  Sur- 
vey 1:250,000  topographic  maps.  Soil  maps 
and  soil  descriptions  (Oregon  Water  Re- 
source Board  1969)  were  used  to  identify 
deep,  friable,  sandy-loam  soils  in  southern 
and  eastern  Oregon.  Correspondence  and  in- 
terviews with  biologists  and  field  personnel 
from  state  and  federal  agencies  and  local  resi- 
dents provided  locations  of  known  or  sus- 
pected areas  occupied  by  pygmy  rabbits; 
these  areas  also  were  examined. 

The  search  for  sites  occupied  by  pygmy 
rabbits  was  conducted  from  June  to  October 
1982.  Two  people  on  foot  searched  for  evi- 
dence of  pygmy  rabbits  at  each  site  for  ap- 
proximately 30  min;  areas  inhabited  by  pyg- 
my rabbits  were  identified  by  presence  of 
burrows  and  fecal  pellets  or  by  sighting  of  in- 
dividuals. Distribution,  degree  of  weathering, 
and  abundance  of  fecal  pellets  provided  a 
basis  for  distinguishing  burrows  used  by  pyg- 
my rabbits  and  were  an  aid  in  estimating  the 
limits  of  sites  occupied  by  the  species.  We 
considered  a  pygmy  rabbit  burrow  to  include 
all  burrow  entrances  associated  with  it. 

Sites  at  which  pygmy  rabbits  occurred  and 
at  which  habitats  were  sampled  in  1982  were 
examined  during  summer  1983  to  ascertain 


Fig.  1.  A.  Thirty-seven  sites  at  which  inuseiini  speci- 
mens of  pygmy  rabbits  were  collected  in  Oregon.  (Map 
modified  after  Olterman  and  Verts  [1972].  One  map  lo- 
cation without  accompanying  record  of  locality  was  de- 
leted.) B.  Two  hundred  eleven  sites  examined  for  evi- 
dence of  pygmy  rabbits,  Oregon,  1982.  C.  Fifty-one 
sites  at  which  evidence  of  occupancy  by  pygmy  rabbits 
was  found,  Oregon,  1982.  Triangles  indicate  those  sites 
at  which  soil  and  vegetation  were  sampled;  circles  in- 
dicate those  sites  that  did  not  meet  criteria  for  sampling. 

continued  use  by  pygmy  rabbits.  Presence  of 
open  burrows  and  recently  deposited  fecal 
pellets  were  criteria  used  to  establish  contin- 
ued occupancy  of  sites. 
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Sampling  of  Soil  and  Vegetation 

Biotic  and  physical  properties  of  sites  in- 
habited by  pygmy  rabbits  were  sampled  from 
July  to  October  1982.  Sampling  was  con- 
ducted at  a  site  if  evidence  of  recent  activity 
of  S.  idahoensis  was  observed  and  four  or 
more  burrows  occurred  with  a  maximum  dis- 
tance of  200  m  between  burrows. 

Three  parallel  line-transects  30  m  long  and 
10  m  apart  were  established  at  randomly  se- 
lected starting  points  at  each  site  sampled.  At 
one  site  (site  12),  sampling  was  repeated  be- 
cause of  apparent  vegetative  heterogeneity. 
Transects  were  located  parallel  to  contours 
of  slopes  when  present.  Shrub  height  and 
shmb  cover  were  measured  along  line  tran- 
sects (Pieper  1978),  and  clippings  from  all 
Artemisia  tridentata  plants  that  intercepted 
the  transects  were  collected.  Ten  20  by  50 
cm  plots  were  placed  imiformly  along  each 
transect  to  estimate  basal  areas  of  perennial 
grasses,  densities  of  annual  grasses  and  forbs, 
and  cryptogam  cover  (Daubenmier  1959). 
Soil  samples  were  collected  at  the  surface 
and  at  40  cm  below  the  surface  (soil  depth 
permitting)  at  five  uniformly  spaced  stations 
along  each  transect;  samples  from  a  common 
depth  were  combined  to  obtain  a  single 
sample  for  each  transect.  Soil  depth  to  60  cm 
was  recorded  and  soil  strength  at  the  surface 
and  at  40  cm  below  the  surface  (soil  depth 
permitting)  was  measured  at  each  of  the  five 
stations  with  a  Soil  Test  Model  CL-700  pock- 
et penetrometer.  When  soil  strength  exceed- 
ed the  limits  of  the  penetrometer,  5.0 
kg/cm2,  the  maximum  value  was  recorded.  A 
clinometer  was  used  to  measure  ground  slope 
in  the  immediate  vicinity  of  each  rabbit  bur- 
row, and  the  number  of  entrances  to  each 
burrow  system  was  recorded. 

Procedures  for  sampling  soil  and  vegeta- 
tive characteristics  at  sites  occupied  by  pyg- 
my rabbits  were  repeated  at  adjacent  shrub 
communities  where  pygmy  rabbit  burrows 
were  not  found.  The  sampling  of  adjacent 
shrub  communities  was  restricted  to  areas 
less  than  100  m  from  a  peripheral  pygmy 
rabbit  burrow.  Pygmy  rabbits  were  presumed 
to  have  had  access  to  these  sites  because  S. 
idahoensis  reportedly  traveled  100  m  or 
more  from  their  burrows  in  winter  and  sum- 
mer (Bradfield  1975,  Wilde  et  al.   1976). 


Becavise  pygmy  rabbit  burrows  often  were 
distributed  along  the  contours  of  slopes,  adja- 
cent shrub  communities  were  sampled  above 
and  below  sites  occupied  by  the  species.  Ad- 
jacent communities  were  not  sampled  if  the 
shrub  component  was  absent  or  if  evidence  of 
recent  habitat  disturbance  was  detected. 

Soil  texture  (Bouyoucos  1962)  and  sub- 
specific  identity  of  A.  tridentata  were  deter- 
mined (Winward  and  Tisdale  1969,  Shumar 
et  al.  1982)  upon  return  of  samples  to  Oregon 
State  University.  Alcohol-leaf  extracts  from 
five  randomly  selected  samples  of  A.  triden- 
tata from  those  collected  along  each  transect 
were  examined  under  long-wave  ultraviolet 
light  for  blue  fluorescence  to  identify  A.  t. 
vaseyana.  Spectrophotometric  analysis  of  re- 
maining extracts  was  used  to  separate  A.  t. 
wyomingensis  from  A.  t.  tridentata. 

Two-tailed  paired  t  tests  were  used  to  de- 
termine the  probability  that  mean  differences 
of  the  same  habitat  variables  sampled  at  sites 
occupied  by  pygmy  rabbits  and  adjacent  sites 
were  greater  than  zero.  For  sites  occupied  by 
pygmy  rabbits  at  which  more  than  one  adja- 
cent site  was  sampled,  data  from  adjacent 
sites  were  averaged  for  analysis.  Square-root 
transformations  were  performed  on  all  vari- 
ables measured  as  percents,  but,  because  in- 
ferences drawn  from  analysis  of  transformed 
and  nontransformed  data  did  not  differ,  non- 
transformed  data  are  reported  herein.  Dis- 
criminant analysis  (Klecka  1975)  was  used  to 
identify  habitat  components  that  best  distin- 
guished sites  occupied  by  pygmy  rabbits  from 
adjacent  sites.  Habitat  variables  used  in  dis- 
criminant analysis  were  shrub  cover,  shrub 
height,  surface  and  subsurface  soils  strengths, 
soil  depth,  percent  basal  area  of  perennial 
grasses,  density  of  annual  grasses,  density  of 
forbs,  and  percent  sand  in  surface  and  sub- 
surface soils.  Interpretation  of  the  discrimi- 
nant function  was  based  on  pooled  within- 
group  correlations  between  the  canonical  dis- 
criminant function  and  habitat  variables. 
Pearson  correlation  coefficients  were  calcu- 
lated for  habitat  variables  measured  at  all 
sites.  Stepwise-multiple  regression  was  used 
to  examine  the  relationship  among  number  of 
burrow  entrances  and  soil  variables  measured 
at  inhabited  sites.  For  all  statistical  analyses, 
we  accepted  P  <  0.05  as  being  significant. 
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Results 

Evidence  of  pygmy  rabbits  was  observed 
at  51  of  211  sites  examined  (Figs.  IB  and  IC). 
Fifteen  areas  occupied  by  pygmy  rabbits  met 
criteria  for  sampling  (Table  1).  Twenty-one 
areas  adjacent  to  13  sites  occupied  by  pygmy 
rabbits  also  were  sampled. 

Shnib  height,  shrub  cover,  and  soil  depth 
were  significantly  greater  at  13  sites  occu- 
pied by  pygmy  rabbits  than  at  21  adjacent 
sites  (Table  2).  In  contrast,  percent  basal  area 
of  perennial  grasses,  density  of  annual 
grasses,  density  of  forbs,  and  cryptogam  cov- 
er were  not  significantly  different  between 


occupied  and  adjacent  sites.  Soil  strengths  at 
surface  and  subsurface  horizons  were  signifi- 
cantly less  at  sites  occupied  by  pygmy  rabbits 
than  at  adjacent  sites  (Table  2).  With  excep- 
tion of  percent  clay  for  subsurface  soils,  com- 
ponents of  soil  texture  were  not  significantly 
different  at  occupied  and  adjacent  sites 
(Table  2). 

Green  and  Flinders  (1980b)  also  reported 
shrub  height  and  shrub  cover  at  six  sites  in- 
habited by  pygmy  rabbits  in  Idaho  were  sig- 
nificantly greater  than  in  areas  that  repre- 
sented 30  small  rodent,  yellow-bellied 
marmot  {Marrnota  flaviventris),  and  Uinta 
ground  squirrel  (Spermophilus  amiatiis)  habi- 


Tablf   1.  Legal  description,  elevation,  ownership,  and  description  of  burrows  at  15  sites  occupied  by  pygmy 
iibliits  at  which  characteristics  of  soil  and  vegetation  were  sampled,  Oregon,  1892. 


X  number 

X  slope  at 

Site 

Elevation 

Ownership  or 

Number 

entrances/ 

burrows 

number 

County 

Location" 

(m) 

managing  agency 

burrows 

burrow 

(%) 

1 

Lake 

T38S,  R28E, 
sec.  34 

1585 

Private 

16 

2.3 

5.1 

2 

Lake 

T.37S,  R28E, 
sec.  14  &  15 

1675 

Bureau  of  Land 
Management 

10 

1.3 

1.5 

3 

Lake 

T39S,  R27E. 
sec.  2 

1570 

National  Wildlife 
Refuge 

7 

2.6 

3.4 

4 

Lake 

T40S,  R27E, 
sec.  .36 

1500 

State  of 
Oregon 

8 

2.6 

1.2 

500 

Lake 

T.39S,  R25E, 
sec.  33 

1400 

Bmeau  of  Land 
Management 

7 

1.4 

7.4 

goc 

Lake 

T.35S,  R26E, 
sec.  28 

1830 

National  Wildlife 
Refuge 

9 

1.9 

16.5 

7" 

Lake 

7,34  S,  R26E, 
sec.  36 

1615 

National  Wildlife 
Refuge 

5 

1.7 

5.0 

goo 

Lake 

T.38S,  R26E, 
sec.  9 

1830 

Private 

7 

1.0 

12.3 

900 

Lake 

T28S,  R15E, 
sec.  22 

1380 

Bureau  of  Land 
Management  and 
Private 

12 

2.3 

2.4 

10°° 

Lake 

T26S,  R14E, 
sec.  22 

1325 

Bureau  of  Land 
Management 

9 

3.9 

4.0 

U" 

Harne\ 

T29S,  R291/2E, 
sec.  26 

1540 

Bureau  of  Land 
Management 

5 

1.6 

0.0 

12 

Harney 

T24S,  R34E, 
sec.  18 

1280 

Private 

8 

1.9 

0.0 

13°  "• 

Grant 

T18S,  R.32E, 
sec.  29 

1385 

Bureau  of  Land 
Management 

5 

1.4 

13.0 

14°° 

Grant 

T16S,  R31E, 
sec.  6 

1450 

Private 

45 

1.2 

17.8 

15°° 

Grant 

T16S,  R31E, 
sec.  28 

14.30 

Private 

10 

1.2 

8.8 

"Localities  obtained  from  Bureau  of  Land  Management  30-min  series  i 
°  °No  evidence  of  occupancy  by  pygmy  rabbits  detected  in  1983 
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tats  and  one  livestock  exclosure.  However, 
mean  shrub  cover  in  areas  occupied  by  pyg- 
my rabbits  in  Oregon  (28.8  ±  1.4%)  was  much 
less  than  the  46%  in  Idaho,  and  mean  shrub 
height  in  Oregon  (84.4  ±5.8  cm)  was  signifi- 
cantly greater  than  the  56  ±2.8  cm  in  Idaho 
(Green  and  Flinders  1980b).  We  suspect  that 
observed  differences  in  shrub  cover,  in  part, 
were  the  result  of  different  methods  used  to 
make  the  estimates.  The  significant  differ- 
ence in  shrub  height  possibly  resulted  from 
our  decision  to  delimit  occupied  areas  to 
within  100  m  of  peripheral  burrows,  because 
mean  shrub  height  at  occupied  and  adjacent 
sites  combined  was  65.5  ±5.0  cm,  not  signifi- 
cantly different  from  that  reported  in  Idaho 
(Green  and  Flinders  1980b). 

There  was  relatively  little  overlap  for  sites 
occupied  by  pygmy  rabbits  and  adjacent  sites 
based  on  measurements  of  vegetative  and  soil 
characteristics  (Fig.  2).  Correlations  between 
10  habitat  variables  used  in  discriminant 
analysis  and  the  discriminant  function 
showed  that  shrub  cover  best  distinguished 
sites  occupied  by  pygmy  rabbits  from  adja- 
cent sites  (r  =  0.71),  followed  by  soil  depth  (r 
=  0.48),  mean  shrub  height  (r  =  0.46),  soil 
strength  at  surface  (r  =  0.27),  and  subsurface 


horizons  (r  =  0.19).  Percent  basal  area  of 
perennial  grasses,  density  of  annual  grasses, 
density  of  forbs,  and  components  of  soil  tex- 
ture contributed  little  to  the  separation  of  oc- 
cupied and  adjacent  habitats  (]r[  <  0.13). 
Pearson  correlation  coefficients  calculated 
for  habitat  variables  measured  at  sites  occu- 
pied by  S.  idahoensis  and  adjacent  sites 
showed  soil  depth  was  correlated  positively 
with  shrub  cover  (r  =  0.64)  and  shrub  height 
(r  =  0.71)  and  negatively  with  soil  strengths 
of  surface  (r  =  -0.48)  and  subsurface  (r  = 
-0.57)  horizons. 

The  mean  number  of  entrances  per  burrow 
at  each  of  the  15  occupied  sites  sampled  was 
the  dependent  variable  used  in  stepwise-mul- 
tiple  regression;  soil  depth,  percent  slope, 
strengths  of  surface  and  subsurface  soils,  and 
percent  sand  and  percent  silt  at  surface  and 
subsurface  soil  horizons  were  dependent  vari- 
ables (Tables  1  and  2).  The  best  model  (Neter 
and  Wasserman  1974)  showed  number  of 
burrow  entrances  varied  inversely  with  slope 
and  subsurface  soil  strength  (R^  =  0.55). 

Of  427  samples  analyzed  to  identify  sub- 
species of  Artemisia  tridentata,  120  were  A.  t. 
vaseyana,  101  were  A.  t.  tridentata,  and  167 
were  A.   t.   ivyomingensis;  84  could  not  be 


Table  2.  Means,  standard  errors  of  means,  and  ranges  of  habitat  variables  measured  at  13  sites  occupied  by 
pygmy  rabbits  and  21  sites  adjacent  thereto,  Oregon,  1982. 


Occupied 

sites 

Unoccupied 

sites" 

Habitat  variable 

X  ±  S.E. 

Range 

X  ±  S.E. 

Range 

Shnib  cover  (%)  °  ° 

28.8±1.4 

21.0-36.2 

17.7±1.2 

13.9-27.1 

Artemisia  spp.  cover  (%)°° 

23.7  ±1.4 

16.3-33.2 

14.8±1.5 

3.3-26.6 

Shrub  height  (cm)°° 

84.4  ±5.8 

55.8-115.2 

52.7  ±5.3 

24.2-86.9 

Artemisia  spp.  height  (cm)°° 

90.8  ±5.8 

67.7-126.6 

.56.9  ±6.1 

26.2-103.7 

Perennial  grasses 

percent  basal  area 

3.7  ±0.9 

0.0-9.8 

4.2  ±0.7 

0.0-9.4 

Annual  grasses 

density  ((1/1,000  cm2) 

5.2  ±2.1 

0.0-20.6 

5.6  ±3.6 

0.0-46.2 

Forb  density  (n/1,000  cm^) 

3.4  ±0.6 

0.2-6.3 

4.3  ±1.0 

0.2-11.4 

Cryptogam  cover  (%) 

2.4  ±0.5 

0.1-5.4 

2.3  ±0.4 

0.0-4.5 

Soil  depth  (cm)°° 

51.0  ±2.3 

.36.2-60.0 

31.0  ±.3.1 

16..3-52.6 

Soil  strength  (kg/cni^) 

Surface  °° 

0.8  ±0.2 

0.2-2.4 

1.9±0.4 

0..3-4.7 

Subsurface  (40  cm)°° 

3.8  ±0.3 

1.2-5.0 

4.6  ±0.2 

2.0-5.0 

Soil  texture  (surface) 

Sand  (%) 

51.1±2.7 

.35.7-71.1 

48.8  ±.3.2 

25.5-65.8 

Silt  (%) 

30.4  ±2.1 

16.6-44.7 

31.8  ±2.3 

20.7-45.3 

Clay  (%) 

18.5±1.5 

10.5-26.1 

19.9±2.2 

1,3.0-41.2 

Soil  texture  (subsurface) 

Sand  (%) 

50.2  ±3.9 

.32.5-81.2 

43.0  ±4.6 

24.8-68.8 

Silt  (%) 

27.0  ±2.1 

12.0-35.8 

26.4  ±2.3 

16.6-44.1 

Clay(%)" 

22.8  ±2.7 

6.8-36.9 

30.5  ±3.5 

10.8-48.2 

•Represents  average  where  more  than  one  area  was  sampli 

id  adjacent  to  occupied  site 

°  "Two-tailed  paired  ( test  indicated  means  of  differences  of 

occupied  and  adjacent  sites  were  significantly 

different  [P  <  0.05)  from  zero 
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DISCRIMINANT 


Fig.  2.  Frequencv  histogram  of  discriminant  scores  of 
15  sites  occupied  by  pygmy  rabbits  (centroid  =  1.96), 
and  21  adjacent  sites  not  occupied  Ijy  pygmy  rabbits 
(centroid  =  -1.47),  Oregon,  1982. 

identified  by  criteria  of  Shumar  et  al.  (1982). 
Shnibs  associated  with  four  sites  occupied  by 
S.  idaJwensis  were  pure  stands  of  A.  t.  va- 
seijana  (Table  3).  At  remaining  sites,  stands 
were  mixtures  of  A.  t.  tridentata,  A.  t. 
wijorningensis,  and  unidentified  subspecies 
(possibly  hybrids).  Two  sites  had  high  den- 
sities of  A.  t.  tridentata  and  at  two  sites  A.  t. 
ivijomingensis  was  predominant  (Table  .3). 

No  evidence  of  recent  activity  of  pygmy 
rabbits  was  evident  at  10  of  15  sites  occupied 
in  1982  when  reexamined  in  April  and  July 
1983  (Table  1).  Of  51  burrows  at  five  sites  oc- 
cupied in  1982,  19  were  open  in  July  1983, 
and  only  8  had  relatively  fresh  fecal  pellets  of 
pygmy  rabbits  in  the  vicinity. 

Discussion  and  Conclusions 

This  study,  the  first  attempt  to  quantify 
both  soil  and  vegetative  characteristics  at 
sites  occupied  by  pygmy  rabbits,  demon- 
strated that  S.  idahoensis  in  Oregon  inhabited 
areas  where  soils  were  significantly  deeper 
and  looser  than  at  adjacent  sites.  Soil  depth 
and  soil  strength,  more  than  soil  texture, 
were  physical  properties  of  soil  that  distin- 
guished sites  occupied  by  pygmy  rabbits  from 
adjacent  sites,  and  probably  were  related  to 
excavation  of  burrows.  Mean  soil  depth  at  13 
sites  occupied  by  pygmy  rabbits  in  Oregon 
(Table  2)  approximated  depths  of  burrows  re- 
ported elsewhere  (Grinnell  et  al.  1930,  Bailey 
1936,  Bradfield  1975),  supporting  the  belief 
that  pygmy  rabbits  burrowed  only  where  soil 


depth  was  sufficient  (Wilde  1978).  In  Ore- 
gon, the  inverse  relationship  between  number 
of  burrow  entrances  and  soil  strength  in- 
dicated that  softer  soils  facilitated  burrow 
construction.  However,  the  significant  in- 
verse relationship  between  number  of  burrow 
entrances  and  percent  slope  cannot  be  ex- 
plained on  the  basis  of  the  present  knowledge 
of  the  biology  of  the  species. 

Initially  we  hypothetized  that  distribution 
of  pygmy  rabbits  was  determined,  in  part,  by 
relative  abundances  of  various  subspecies  of 
Artemisia  tridentata.  The  shrub  constituted  a 
majo?  portion  of  the  diet  of  S.  idahoensis  in 
Idaho  (Wilde  1978,  Green  and  Flinders 
1980b),  and  preliminary  observations  by 
Green  and  Flinders  (1980b)  indicated  that 
specific  subspecies  were  consumed.  Our  find- 
ings did  not  support  the  hypothesis;  addition- 
al evidence  that  the  distribution  of  S.  ida- 
Jioensis  was  not  linked  to  specific  subspecies 
of  A.  tridentata  was  provided  by  feeding 
trials  of  captives  in  which  consumption  of  A. 
t.  tridentata  and  A.  t.  vaseyana  was  not  sig- 
nificantly different  (White  et  al.  1982). 

Although  abundance  of  grasses  and  forbs 
were  not  primary  factors  that  distinguished 
sites  occupied  by  pygmy  rabbits  from  adja- 
cent sites  in  Oregon  (Table  2)  or  in  Idaho 
(Green  and  Flinders  1980b),  areas  with  dense 
stands  of  cheatgrass  {Brornus  tectorum)  seem- 
ingly were  avoided  because  only  2  of  51  sites 
occupied  by  S.  idahoensis  in  Oregon  con- 
tained appreciable  stands;  both  were  adja- 
cent to  asphalt  highways.  In  areas  where 
cheatgrass  and  other  annual  grasses  were 
dense,  our  ability  to  observe  rabbits,  burrows, 
and  fecal  pellets  possibly  was  reduced.  Green 
and  Flinders  (1980b)  reported  that  mean  bio- 
mass  of  forbs  was  significantly  greater  and 
that  of  grasses  significantly  less  at  sites  where 
S.  idahoensis  was  most  abundant,  and  con- 
cluded that  differential  consumption  of 
grasses  and  forbs  by  the  species  was  respon- 
sible. In  Oregon,  low  density  of  cheatgrass  at 
sites  occupied  by  pygmy  rabbits  was  not  the 
result  of  foraging  by  rabbits;  densities  of  an- 
nual grasses  were  not  significantly  different 
between  occupied  and  adjacent  sites.  We  sus- 
pect that  annual  grasses  restricted  move- 
ments or  vision  of  pygmy  rabbits  and  were 
avoided  to  improve  chances  of  escaping  from 
predators  (Yahner  1982). 
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The  affinity  exhibited  by  pygmy  rabbits  for 
areas  with  greater  shrub  cover  and  height 
possibly  also  was  related  to  predator  avoid- 
ance because,  compared  with  larger  leporids, 
pygmy  rabbits  are  relatively  slow  and  vulner- 
able in  open  habitats  (Bailey  1936,  Orr  1940). 
However,  they  are  better  able  to  elude  pur- 
suers amidst  shrubs  (Anthony  1913,  Bailey 
1936,  Orr  1940,  Severaid  1950,  Wilde  1978). 
In  addition,  greater  shrub  cover  represents 
additional  food  resources  because  pygmy  rab- 
bits forage  extensively  on  sagebrush,  even 
climbing  the  shrubs  to  do  so  (Janson  1946). 
Similar  conclusions  regarding  association 
with  shRibs  for  avoidance  of  predators  and 
for  increasing  the  resource  base  were  provid- 
ed for  other  small  desert  mammals  (Rosen- 
zweig  et  al.  1975,  Beatley  1976,  Hallett  1982, 
Thompson  1982).  Shrub  cover  may  be  espe- 
cially critical  in  winter  for  a  species  poorly 
adapted  for  climbing  when  99%  of  the  diet  of 
S.  idalioensis  is  sagebrush  (Green  and  Flin- 
ders 1980a)  and  snow  accumulations  may 
cover  other  food  resources  but  permit  easy 
access  to  distal  parts  of  shrubs  (Bradfield 
1975). 


A  marked  decline  in  evidence  of  pygmy 
rabbits  at  sample  sites  in  1983  demonstrated 
that  populations  were  susceptible  to  rapid 
declines  and  possibly  local  extirpation.  Other 
researchers  detected  similar  declines  in  popu- 
lations of  pygmy  rabbits  (Janson  1946, 
Bradfield  1975,  J.  T.  Flinders,  pers.  comm.), 
but  Wilde  (1978),  after  a  2.5-year  study  of  a 
population  in  Idaho,  concluded  that  S.  ida- 
lioensis was  a  "high  inertia"  species  with  re- 
duced capacity  for  rapid  increase  in  density. 
The  term  high  inertia  was  used  by  Murdoch 
(1970)  to  describe  K-selected  species;  al- 
though not  explicitly  stated  by  Wilde  (1978), 
the  tendency  for  density  of  pygmy  rabbit 
populations  to  be  relatively  stable  could  be 
inferred  from  his  report.  Our  observations  did 
not  support  such  an  inference,  nor  was  it  sup- 
ported entirely  by  those  of  Wilde  (1978), 
who  abandoned  one  of  three  study  sites  when 
number  of  active  burrows  and  trapping  suc- 
cess declined. 

Analysis  of  vegetation  and  soil  character- 
istics at  areas  associated  with  pygmy  rabbits 
in  Oregon  substantiated  previous  observa- 
tions  that   this  species  inhabited  islands  of 


Table  3.  Subspecific  identity  of  472  samples  oi  Artemisia  tridcntata  collected  at  sites  occupied  by  pygmy  rabbits 
and  adjacent  sites  not  occupied  by  pygmy  rabbits,  Oregon,  1982. 


Occupied 

sites 

Unoccupied 

sites 

Site 
number 

A.  t. 
tridentatd 

A.t. 
tvijomingensis 

A.  t. 
vascijana 

Unknown 

A.  f. 
tridentatd 

A.  t. 
If  yomingensis 

A.  t. 
vaseijana 

Unknown 

1 

15 

10 

5 

2 

10 

4 

1 

1 

11 

3 

3° 

6 

9 

11 
1 

(14) 

4 

4° 

7 

5 

3 

5 

(4) 

7 

(3) 

3 

(3) 

5 

4 

9 

2 

14 

1 

6 

15 

15 

7° 

13 

2 

14 

(12) 

1 

(3) 

8 

11 

1 

3 

9 

4 

11 

10° 

4 

11 

(5) 

14 

(8) 

11 

13 

2 

14 

1 

12° 
13 

3 
(13) 

6 

15 

6 

(2) 

15 

14 

15 

15 

15 

15 

15 

Totals 

69 

68 

60 

43 

32 

99 

60 

41 

'Values  in  parentheses  obtained  from  repeated  sampling  at  site 
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habitat  (Dice  1926,  Davis  1939,  Orr  1940) 
where  dense  or  clumped  stands  of  sagebrush 
(Anthony  1913,  Grinnell  et  al.  1930,  Bailey 
1936,  Severaid  1950,  Bradfield  1975)  grew  in 
deep  (Davis  1939,  Campbell  et  al.  1982), 
loose  (Orr  1940,  Janson  1946)  soils.  Because 
of  the  specific  nature  of  requisite  soil  and 
vegetative  conditions,  and  because  popu- 
lations seem  subject  to  perturbation  and  even 
local  extirpation,  successful  dispersal  of  indi- 
viduals from  less  affected  populations  into  fa- 
vorable habitats  becomes  crucial  if  pygmy 
rabbits  are  to  persist  as  a  component  of  the 
fauna  of  Oregon.  Although  their  dispersal 
abilities  are  not  understood  clearly,  pygmy 
rabbits  are  suspected  of  being  reluctant  or 
unable  to  cross  open  areas  such  as  roads  or 
lands  cleared  of  sagebmsh  (Bradfield  1975,  J. 
T.  Flinders,  pers.  comm.);  thus,  dense  stands 
of  A.  tridentata  along  streams,  roads,  and 
fencerows  become  avenues  of  dispersal 
(Green  and  Flinders  1980b).  Concerns  for 
pygmy  rabbit  populations  traditionally  have 
focused  on  habitat  destruction  associated 
with  range  and  agricultural  improvements 
(Green  and  Flinders  1980b,  Holechek  1981). 
Fragmentation  of  sagebrvish  communities 
poses  an  additional  threat  to  populations  of 
pygmy  rabbits  by  reducing  the  size  of  these 
communities  and  increasing  their  interstitial 
distances,  but  the  severity  of  this  threat  can- 
not be  assessed  without  better  understanding 
the  dispersal  abilities  of  the  species. 
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LATE  SUMMER  CHANGES  IN  MULE  DEER  DIETS  WITH  INCREASING  USE 
ON  BITTERBRUSH  RANGELAND' 

D.  D.  Austin-,  P.  J.  Urness-,  and  J.  King' 

.\bstract.—  Late  summer  diet  composition  of  mide  deer  was  determined  dailv  within  a  mountain  browse 
enclosure  dominated  by  antelope  bitterbrush.  Palatable  forages  of  low  abundance  were  rapidlv  depleted,  and 
bitterbnish  continually  composed  over  50%  of  the  diet,  even  at  utilization  exceeding  350  deer-days/ha.  The 
relationship  of  bitterbrush  forage  production  and  deer-days  use  is  discussed. 


Documentation  clearly  shows  that  range- 
lands  containing  antelope  bitterbrush  (Piir- 
shia  tridentata)  are  important  to  mule  deer 
{Odocoileus  hemionus)  in  winter  (Kufeld  et 
al.  1973).  Furthermore,  on  low  elevation 
ranges  where  succulent  forages  are  scarce, 
bitterbrush  has  been  reported  a  major  and 
palatable  contribution  to  summer  diets 
(Leach  1956,  Lesperance  et  al.  1970,  Trout 
and  Thiessen  1973,  Tueller  and  Monroe  1976, 
Tueller  1979,  Austin  and  Urness  1983).  Al- 
though these  summer  studies  have  shown  the 
importance  of  bitterbrush,  they  have  provid- 
ed only  limited  information  on  changes  in 
diet  as  preferred  forages  are  depleted.  This 
paper  reports  progressive  dietary  changes  in 
a  short-duration,  high-intensity  grazing  trial 
(totaling  356  deer-days/ha;  144  dd/ac)  and 
develops  a  guideline  for  estimating  potential 
summer  deer-days  use  on  comparable  range- 
land  sites. 

Methods 

An  enclosure  containing  .07  ha  (.17  ac)  was 
constructed  on  the  West  Tintic  Mountains  at 
1970  m  (6460  ft)  elevation  in  Tooele  County, 
Utah.  Three  tame,  adult  female  mule  deer 
were  used  to  determine  diets.  Although  stud- 
ies concerned  primarily  with  comparing  wild 
and  tame  deer  are  unavailable,  the  assump- 
tion that  tame  deer  are  behaviorally  com- 
parable to  wild  deer  is  supported  by  second- 
ary findings  of  several  researchers  (Healy 
1971,  WiUms  and  McLean  1978,  Holl  et  al. 
1979,  Bartmann   1982,   Austin  et  al.    1983). 


Deer  were  allowed  to  graze  freely  within  the 
enclosure,  and  forage  selection  (bites  by  spe- 
cies) was  recorded  each  morning  and  evening 
for  about  three  hours  during  a  consecutive 
eight-day  trial  in  late  August  1982.  During 
grazing  periods  each  deer  was  observed  alter- 
nately for  20  minutes.  Data  were  initially 
summarized  by  individual  days.  Because  of 
diet  similarities  between  some  days  and  evi- 
dent differences  between  others,  however, 
the  data  were  collapsed  into  four  unequal  pe- 
riods. Diets  were  determined  as  percent  dry 
weight  consumption  by  species  using  hand- 
plucked  simulated  bites  (Deschamp  et  al. 
1979). 

Vegetal  production,  and  forage  availability 
after  grazing,  within  the  enclosure  were  de- 
termined by  sampling  immediately  before 
and  after  the  grazing  trial  from  25  evenly 
spaced  1  m-  (10  ft^)  circular  plots  established 
on  a  predetermined  grid.  Half  of  each  plot 
was  clipped  before  (south  half)  and  after 
(north  half)  grazing.  Forage  utilization  of 
plant  species  by  deer  was  determined  as  the 
difference  between  pre-  and  postgrazing  clip- 
pings. Weight  by  species  was  measured  to 
the  nearest  gram  and  converted  to  dry 
weight  from  oven-dried  samples. 

Palatable  plant  species  were  defined  as 
having  the  initial  ratio  of  percent  diet  contri- 
bution divided  by  percent  vegetal  production 
greater  than  1.0,  and  the  ratio  for  unpala- 
table species  was  less  than  1.0  (Neff  1974). 
Because  palatability  for  individual  species 
varies  with  season  and  vegetal  community, 
palatabilities  indicated  below  cannot  be  ap- 


'This  report  is  a  contribution  of  Utah  Division  of  Wildlife  Resources,  Federal  Aid  Project  W-105-R. 
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plied  to   other  areas  of  differing  habitat 
(Welch  et  al.  1981). 

Results 

Vegetal  production  within  the  enclosure 
(Table  1)  was  dominated  by  browse  (61%), 
with  the  remainder  a  mixture  of  grasses 
(19%),  primarily  bluebunch  wheatgrass  (Agro- 
pyron  spicatmn),  forbs  (11%),  and  cacti  (9%). 
Total  production  was  almost  900  kg/ha  (800 
Ibs/ac).  Bitterbaish  composed  31%  of  the  to- 
tal browse,  and  unpalatable  browse  species 
contributed  67%. 

During  the  8-day  trial,  with  each  day  equal 
to  a  grazing  pressure  of  about  45  deer- 
days/ha  (18  dd/ac),  a  total  of  22,865  bites 
was  recorded.  The  first  period,  0-45  deer- 
days/ha  (0-18  dd/ac),  showed  high  dietary 
contribution  of  palatable  species  of  low 
abundance,  including  Utah  serviceberry 
{Amelanchier  utahensis),  mountain  snowberry 
(SijmpJioricarpos  oreophihis),  common  bastard 
toadflax  (Coinmandro  iimbellata),  and  way- 
side gromwell  {LitJiospermum  ruderale). 
These  species  composed  36%  of  the  diet  in 
the  first  period,  but  contributed  less  than  4% 
for  subsequent  periods  (Table  1). 

During  period  2,  46-178  deer-days/ha 
(19-72  dd/ac),  bitterbrush  composed  most  of 


the  diet  as  other  palatable  species  became  in- 
creasingly scarce  (Table  1).  Although  unpala- 
table browse  and  grass  were  mostly  ignored, 
most  forbs  were  taken  when  found. 

Period  3,  179-267  deer-days/ha  (73-108 
dd/ac),  showed  a  slow  shift  toward  the  use  of 
unpalatable  forages  as  bitterbrush  forage  be- 
came less  abvmdant  and  its  proportion  in  the 
diet  declined.  This  trend  continued  through 
period  4,  with  impalatable  browse  and  grass 
increasing  in  dietary  contribution. 

At  the  end  of  the  trial,  utilization  of  pala- 
table shrubs  exceeded  90%,  and  use  of  both 
cured  and  green  forbs  averaged  about  80%. 
Use  of  unpalatable  shrubs  was  much  lower, 
with  no  use  of  pricklypear  (Opitntia  spp.). 
The  figure  of  48%  utilization  for  mountain 
big  sagebrush  (Arteynisia  tridentata  vaseijana) 
was  probably  somewhat  inflated,  as  evi- 
denced by  its  low  dietary  contribution  (Table 
1),  and  probably  resulted  from  sampling  in- 
sufficient plots  for  its  uneven  spacing.  Since 
grass  use  (29%)  included  the  effects  of 
trampling,  the  actual  percentage  of  forage 
used  would  likely  be  considerably  less  (Austin 
et  al.  1983). 

Discussion 

It  is  evident  from  our  data  that  consid- 
erable deer-days  use  can  be  supplied  in  sum- 


Table  1.  Vegetal  production  (kg/ha),  deer  diet  composition  (%)  within  grazing  periods  (±   standard  error),  and 
forage  utilization  (%)  in  a  bitterbrush  rangeland  exclosure. 


Vegetal 

Grazing  ] 

periods  (deer 

-days/ha) 

_    Forage 

class 

Species 

Production 

0-45 

46-178 

179-267 

268-356 

utilization 

Palatable 

Puisliia  tridentata 

172.3 

51.8±16.9 

82.3  ±1.4 

74.7±6.8 

69.1  ±9.9 

93 

shnibs 

Amelanchier  utahensis 

5.6 

9.3  ±9.2 

0.8 

0.3 

1.2±1.2 

93 

Siimphoricarpos  oreophihis 

.3.9 

8.2  ±4.9 

0.6 

0.3 

0.3 

90 

Unpalat- 

Clinisothaniniis liscidiflorus 

96.3 

0.0 

0.2 

5.6  ±3.9 

10.9  ±7.0 

44 

able 

Artemisia  tridentata 

69.8 

0.0 

0.2 

3.2  ±0.4 

1.8±1.8 

48 

shnibs 

]unipenis  ostcosperma 

200.4 

0.7 

2.2±1.4 

1.0±0.6 

2.5±2.7 

7 

Cured 

Crepis  acctiminata 

20.1 

4.6  ±1.5 

2.1  ±1.0 

2.5  ±0.7 

2.4  ±0.8 

82 

forbs 

Lupinus  candatus 

3.0 

0.6 

3.3  ±1.8 

1.8  ±1.3 

2.0±1.6 

75 

Balsamorhiza  liispida 

8.6 

0.5 

0.7 

2.4  ±1.5 

1.5±1.1 

74 

9  others 

27.6 

3.4  ±1.5 

3.4  ±  2.3 

2.1  ±0.7 

1.9±0.8 

62 

Green 

Commandra  umbellata 

18.9 

9.9  ±5.9 

3.0  ±1.6 

1.7±0.9 

0.9 

85 

forbs 

Lithospermum  ruderale 

13.6 

8.9  ±9.4 

0.4 

0.0 

0.0 

85 

5  others 

11.4 

2.0  ±2.1 

0.5 

0.4 

0.1 

93 

Cacti 

Opuntia  spp. 

76.8 

0.0 

0.0 

0.0 

0.0 

0 

Grasses 

Gramineae 

169.0 

0.1 

0.3 

4.0±2.9 

5.4  ±  3.5 

29 

Total 

897.3 

574 
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mer  by  bitterbnish  rangelands.  In  addition  to 
the  deer  use,  grazing  by  livestock  to  utilize 
the  grass  resource  and  maintain  the  bitter- 
brush  stand  should  be  applied  in  spring  when 
grass  is  succulent  (Smith  and  Doell  1968,  Jen- 
sen et  al.  1972,  Austin  and  Urness  1983). 

Since  bitterbnish  comprises  a  high  propor- 
tion of  the  summer  diet  where  other  palat- 
able forages  are  scarce,  a  direct  relationship 
between  potential  deer  use  and  bitterbrush 
production  seems  reasonable.  Austin  and  Ur- 
ness (1983)  reported  that  122  deer-days/ha 
(49  dd/ac)  iLse  was  reasonable  for  a  similar 
area  where  bitterbnish  production  was  130 
kg/ha  (116  Ibs/ac).  In  their  analyses  it  was 
assumed  that  daily  dry  weight  intake  of  bit- 
terbrush averaged  1.5  kg/ deer-day  and  utili- 
zation of  current  annual  growth  was  70%.  In 
this  study,  172  kg/ha  (153  Ibs.c)  of  bitter- 
brush  forage  was  available  and  178  deer- 
days/ha  (72  dd/ac)  use  accnied  before  diets 
began  changing  due  to  depletion  of  bitter- 
brush.  From  these  data,  we  suggest  that  dry 
weight  production  (kg/ha)  of  bitterbnish  be 
numerically  equated  to  summer  deer-days/ha 
use  as  a  first  approximation.  In  our  study  area 
where  winter  use  by  deer  is  small,  reserving 
bitterbrush  forage  is  imnecessary;  however, 
adjustments  may  be  needed  on  areas  where 
winter  use  is  significant. 
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INSECT  DAMAGE,  CONE  DIMENSIONS,  AND  SEED  PRODUCTION 
IN  CROWN  LEVELS  OF  PONDEROSA  PINE 

J.  M.  Schmid',  J.  C.  Mitchell',  K.  D.  Carliir,  and  M.  R.  Wagner' 

Abstract.—  Insect  damage  to  second-year  cones  was  generally  not  significantly  different  between  crown  levels, 
but  was  significantly  different  among  areas  and  among  trees  within  areas  for  Conophthorus,  Megastigmus,  and  Cijclia. 
Both  cone  length  and  width  were  not  significantly  different  between  lower  and  middle  crown,  but  cone  length  was 
significantly  greater  in  the  upper  crown.  Seeds  per  cone  ranged  from  34  to  66,  but  the  percent  of  sound  seed  per 
cone  varied  significantly  according  to  the  amount  of  insect  damage. 


Cone  and  seed  insects  of  ponderosa  pine, 
Pinus  ponderosa  Douglas  ex  Lawson,  have  re- 
ceived little  attention  in  the  Southwest.  In 
southern  New  Mexico  Kinzer  et  al.  (1972) 
identified  the  most  common  insects  associ- 
ated with  ponderosa  pine  cones  and  deter- 
mined the  extent  of  their  damage.  In  Califor- 
nia Koerber  (1967)  identified  the  insect 
complex  affecting  ponderosa  pine  seed  pro- 
duction and  assessed  the  incidence  of  damage 
by  the  more  important  species.  Between 
these  two  locations,  little  work  had  been 
done  until  an  initial  survey  by  Ragenovich  et 
al.  (1981)  confirmed  the  presence  of  the  most 
common  species  found  by  Kinzer  et  al.  (1972) 
and  determined  the  extent  of  their  damage.  A 
more  extensive  study  by  Schmid  in  1982  had 
to  confine  sampling  to  that  portion  of  the 
lower  crown  within  reach  of  a  step  ladder. 
The  question  naturally  arose  as  to  whether 
the  incidence  of  insect  damage  was  different 
among  crown  levels.  The  present  study  deter- 
mined the  incidence  of  insect  damage  in  sec- 
ond-year cones  from  different  crown  levels 
within  the  same  tree;  it  also  determined  the 
dimensions  of  cones  and  their  seed 
production. 

Methods 

Maturing  pine  cones  were  collected  from 
10  locations  on  the  Coconino  and  Kaibab  Na- 
tional Forests  (southern  part)  in  northern  Ari- 
zona during  September  1982  (Fig.  1).  Sixteen 
cones  were  randomly  pruned  from  the  lower 


and  middle  crowns  of  each  of  10  co-dominant 
or  dominant  trees  at  each  of  8  locations.  At  2 
locations,  cone-bearing  trees  were  either 
felled  or  climbed  by  Forest  Service  per- 
sonnel, and  cones  were  collected  also  from 
the  upper  crowns,  which  are  normally  un- 
reachable with  a  pole  pruner.  The  cones 
were  sacked,  labeled  by  tree  number,  crown 
level,  and  location,  and  placed  in  cold-stor- 
age units  in  Flagstaff. 

To  determine  the  percentage  of  seeds  dam- 
aged by    insects,   each   cone   was   dissected. 


us    Highway - 
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Highway  64  ■ 
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-Williams.  Anz. 
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/                 89 
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Fig.  1.  Location  of  cone  collection  areas  on  the  Coco- 
nino and  Kaibab  national  forests. 


'USDA  Forest  Service,  Rocky  Mountain  Forest  and  Range  Experiment  Station,  Fort  Collins,  Colorado  80526. 

■Flagstaff,  Arizona  86001. 

'School  of  Forestry,  Northern  .\rizona  University,  Flagstaff,  .\rizona  86011. 
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Cone  length  and  width,  and  number  of 
sound,  hollow,  and  insect-damaged  seeds 
were  recorded.  The  percentage  of  seeds  dam- 
aged by  insect  species  was  determined  for 
each  cone.  Because  Conophthorus  and  Dio- 
ryctria  destroyed  100%  of  the  seeds  in  each 
infested  cone  nearly  all  the  time  and  Mega- 
stigmus  and  Cydia  damaged  variable  per- 
centages in  each  cone,  the  percentage  of 
cones  damaged  by  Conophthorus  and  Dio- 
ryctria  and  the  percentage  of  seeds  per  cone 
damaged  by  Megastigmus  and  Cydia  were 
each  subjected  to  analysis  of  variance  testing 
for  significant  variation  among  locations  and 
trees  and  between  crown  levels  (^  =  0.05). 
Prior  to  analysis,  homogeneity  of  variance 
was  evaluated  for  each  set  of  data  and,  where 
nonhomogeneous  variance  occurred,  the  data 
were  transformed  using  either  an  arcsine, 
square  root,  or  square  transformation  and 
then  the  analysis  was  performed.  Tukey's 
multiple  range  test  was  used  to  determine 
which  mean  values  were  significantly  differ- 
ent from  each  other  when  the  A  NOV  showed 
significant  differences  occurring.  Confidence 
intervals  (0.95)  were  computed  for  each 
mean  using  the  Bonferroni  method.  Means 
and  confidence  intervals  were  then  back- 
transformed  to  derive  the  information  pre- 
sented in  the  tables.  Entries  in  Table  4  are 
based  on  imtransformed  data  and  variations 
among  individual  tree  averages. 

Results  and  Discussion 

Insect  Damage 

The  amount  of  insect  damage  to  cones  and 
seeds  was  not  significantly  different  between 


the  lower  crown  and  the  middle  or  upper 
crown  for  either  Conophthorus  ponderosae 
Hopkins,  Dioryctria  spp.,  or  Cydia  sp.  and 
was  significantly  greater  in  the  upper  levels 
for  Megastigmus  albifrons  Walker  in  only 
one  location.  Percent  of  cones  damaged  by 
Conophthorus  (Table  1)  varied  significantly 
among  areas  and  among  trees  within  areas, 
but  did  not  vary  significantly  for  Dioryctria. 
Similarly,  the  percentage  of  seeds  per  cone 
damaged  by  Megastigmus  and  Cydia  (Table 
2)  varied  significantly  among  areas  and 
among  trees  within  areas  for  both  species. 

The  insignificant  differences  in  insect  dam- 
age between  crown  levels  indicate  that  cones 
can  be  collected  from  any  crown  level  to  de- 
termine the  incidence  of  damage  for  the  tree. 
The  significant  differences  in  insect  damage 
among  areas  and  among  trees  within  areas  in- 
dicate other  factors  are  influencing  the  de- 
gree of  damage  among  trees  and  locations. 

Conophthorus  damage  was  substantial  in 
three  locations  (Table  1).  Although  the  mean 
values  for  all  crown  levels  did  not  approach 
the  50%  damage  level  cited  by  Pearson 
(1950)  in  the  three  locations,  percent  damage 
was  45%  in  the  middle  crown  at  the  U.S. 
Highway  89  location.  Because  cone  damage 
was  greatest  at  the  three  highest  locations 
and  at  the  lowest  location,  elevation  might 
be  thought  to  be  an  important  factor.  How- 
ever, other  past  and  current  cone  studies 
have  indicated  an  especially  high  incidence 
of  Conophthorus  damage  at  the  Deadman 
Flat  and  U.S.  Highway  89  locations,  locations 
producing  several  consecutive  cone  crops. 
These  observations  suggest  that  locations  pro- 
ducing cone  crops  each  year  may  support  a 


Table  1.  Mean  percentage  of  cones  infested  by  Conophthorus  and  Dioryctria,  Coconino  and  Kaibab  national 
forests,  Arizona,  1982. 


National  forest /Location 


Elevation 

Conophthorus 

Dioryctr 

Hi 

X(95%  confidence 

interval) 

1980 

<1     (0-1) 

0 

1980 

<1     (0-1) 

0 

2195 

39(12-66) 

1(0-3) 

2290 

15  (6-24) 

1(0-2) 

2465 

35(14-56) 

1(0-3) 

1800 

31(13-50) 

1(0-2) 

2025 

2     (0-5) 

0 

2045 

1     (0-3) 

0 

2045 

8  (0-16) 

1(0-3) 

2165 

0 

0 

Coconino  National  Forest 

Schneblv  Hill 

Schneblv  Plot 

U.S.  Highway  89 

Deadman  Flat 

Schultz  Pass 
Kaibab  National  Forest 

U.S.  Highway  1-40 

Ten-X 

Tiisayan 

Tusavan  Landfill 

Williams  354  Road 


October  1984 
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Table  2.   Mean  percentage  of  seeds  per  cone  infested  by  Mcgastigmus  and  Cijdia,  Coconino  and  Kaibab  national 
forests,  Arizona,  1982. 


National  forest /Location 


Elevation 


Megaitigmtis 


Cydia 


Coconino  National  Forest 

Schnebly  Hill 

Schneblv  Plot 

U.S.  Highway  89 

Deadnian  Flat 

Schultz  Pass 
Kaibab  National  Forest 

U.S.  Highway  1-40 

Ten-X 

Tusayan 

Tiisavan  Landfill 

Williams  .354  Road 


1980 
1980 
2195 
2290 

2465 

1800 
2025 
2045 
2045 
2165 


X(95%  confidence  interval) 


1     (1-2) 

6  (0-10) 

1  (<1-1) 

0 

77(72-81) 

16(10-20) 

31(28-35) 

11  (7-13) 

22(19-26) 

5     (0-8) 

3     (2-4) 

9  (0-13) 

2     (1-3) 

9  (5-11) 

2     (2-3) 

4     (1-6) 

5     (4-6)* 

3     (0-4) 

3     (1-4) 

14  (5-20) 

^Upper  crown  levels  hatl  a  significantly  greater  percent  of  infested  seeds. 


greater  Conophthoriis  population  and  thereby 
sustain  a  greater  incidence  of  damage.  Beetle 
populations  in  such  areas  would  spend  less 
time  searching  for  new  cones  and  would  sus- 
tain less  dispersal  mortality,  so  the  probabili- 
ty of  cone  damage  would  be  greater.  In  con- 
trast, locations  producing  cone  crops  every 
3-5  years  would  sustain  lesser  damage  to 
each  crop  because  adults  of  successive  gener- 
ations would  have  to  search  more  extensively 
to  find  trees  with  cones  and  would  therein  be 
subject  to  greater  mortality. 

Megastiginus  caused  the  greatest  seed  loss 
of  any  insect,  including  Conophthoriis.  Dam- 
age was  greatest  on  the  same  Coconino  Na- 
tional Forest  locations  as  where  significant 
Conophtfionis  damage  occurred.  The  hypoth- 
esis regarding  greater  Conophthorus  damage 
being  associated  with  continuous  cone  pro- 
duction areas  also  appears  pertinent  to 
Megastigmus. 


Cone  Dimensions 

Cone  length  varied  significantly  among 
areas  and  among  trees  within  the  same  area, 
but  cone  width  did  not  vary  significantly 
among  areas  or  trees  (Table  3).  Both  cone 
length  and  width  were  not  significantly  dif- 
ferent between  the  lower  and  middle  crowns 
in  all  areas,  but  cones  in  the  upper  crowns 
were  longer  and  wider  than  cones  from  the 
lower  crowns  in  the  two  areas  where  cones 
were  gathered  from  the  upper  crown.  Within 
the  range  of  elevations  from  which  cones 
were  collected,  neither  cone  length  nor 
width  exhibited  a  trend  with  elevation,  so 
cone  dimensions  appear  to  be  influenced 
more  by  stand  and  site  conditions  than  by 
elevation. 

Seed  Production 

Total  seeds  per  cone  ranged  from  34  to  66 
(Table  4).  Compared  to  the  31  seeds  per  cone 


Table  3.  Mean  length  and  width  of  ponderosa  pine  cones,  Coconino  and  Kaibab  national  forests,  Arizona,  1982. 


National  forest/Location 


Elevation 


Length 


Width 


Coconino  National  Forest 

Schnebly  Hill 

Schneblv  Plot 

U.S.  Highway  89 

Deadman  Flat 

Schultz  Pass 
Kaibab  National  Forest 

U.S.  Highway  1-40 

Ten-X  ' 

Tusayan 

Tusayan  Landfill 

Williams  354  Road 


1980 
1980 
2195 
2290 
2465 

1800 
2025 
2045 
2045 
2165 


X  (95%  confidence  interval) 
cm  cm 


8.1(7.8-8.3) 
8.1(7.9-8.3) 
6.2(6.0-6.4) 
8.1(7.9-8.4) 

7.0(6.8-7.2) 

7.0(6.8-7.2) 
8.9(8.7-9.1) 
9.5(9.4-9.7) 

7.7(7.6-7.9) 
7.7(7.5-8.0) 


3.4(3..3-3.4) 
3.2(3.1-3.3) 
3.3(3.2-3.4) 
4.0(3.8-4.1) 
3.5(3.5-3.6) 

3.6(3.5-3.6) 
3.3(3.2-3.4) 
3.6(3..5-3.7) 
3.6(3.6-3.7) 
3.2(3.1-3.3) 
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Table  4.  Mean  percentage  of  sound,  hollow,  and  insect-damaged  seeds*  and  mean  number  of  total  seeds  per  cone 
by  location,  Coconino  and  Kaibab  national  forests,  Arizona,  1982. 


National  forest /Location 


Sound 
seeds 


Hollow 
seeds 


Insect- 
damaged 
seeds 


Total 
seeds 


Coconino  National  Forest 

Schnebly  Hill 

Schneblv  Plot 

U.S.  Highway  89 

Deadman  Flat 

Schultz  Pass 
Kaibab  National  Forest 

U.S.  Highway  1-40 

Ten-X 

Tusayan 

Tusavan  Landfill 

Wilhams  354  Road 


X  (95%  confidence  interval) 


% 

% 

% 

No. 

82(79-85) 

15(12-18) 

3     (1-4) 

45(37-54) 

84(82-86) 

15(13-16) 

1     (0-2) 

42(.35-49) 

2     (0-4) 

8  (3-12) 

91(85-97) 

34(23-45) 

38(29-46) 

16(11-21) 

46(35-57) 

59(52-66) 

41(27-55) 

11  (6-16) 

48(33-63) 

57(48-66) 

39(29-50) 

29(20-38) 

32(18-45) 

48(39-57) 

77(73-82) 

16(14-19) 

6  (2-10) 

41(33-50) 

83(79-86) 

13(10-15) 

5     (2-7) 

53(47-60) 

62(52-72) 

27(17-36) 

11  (3-20) 

66(60-71) 

60(52-68) 

33(25-42) 

7  (2-12) 

39(29-49) 

'Mean  percentages  may  not  add  to  100  because  of  rounding. 


of  Larson  and  Schubert  (1970),  the  number  of 
seeds  per  cone  was  35%  greater  in  all  but  one 
location. 

Sound  seed  production  varied  significantly 
among  areas  (Table  4),  and  was  noticeably 
less  in  areas  with  high  incidences  of  Con- 
ophthorus  and  Megastigmus  damage.  The 
combined  effect  of  all  insects  on  the  U.S. 
Highway  89  location  essentially  eliminated 
the  production  of  viable  seed  for  that  loca- 
tion. Situations  like  this  point  out  the  need 
for  a  preliminary  insect  survey  before  an  area 
is  designated  as  a  cone  collection  site.  Con- 
ophthorus  damage  is  easily  seen  at  the  time 
of  cone  collection;  because  a  Conophthorns- 
infested  cone  usually  produces  no  viable 
seed,  the  total  seed  production  for  each  tree 
can  be  reduced  by  the  percentage  of  infested 
cones  on  the  tree.  However,  Megastigimus 
damage,  and  to  a  lesser  extent  Diortjctria  and 
Cydia  damage,  can  only  be  determined  after 
the  cones  have  been  collected  and  dissected. 
If  the  Megastigmus  damage  approaches  ap- 
proximately 75%  (e.g..  Table  2,  U.S.  Highway 
89  location),  then  probably  less  than  25%  vi- 
able seed  will  be  obtained  from  each  cone. 


Thus,  four  times  as  many  cones  will  have  to 
be  collected  to  produce  the  desired  quantity 
of  seed.  Potential  collection  areas  should  be 
examined  and  a  sample  of  cones  assayed  to 
determine  insect  damage  before  a  major  col- 
lection effort  is  initiated. 
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ENVIRONMENTAL  SITE  CHARACTERISTICS  AND  INCIDENCE  OF 
CHOKECHERRY  BLACK  KNOT  IN  UTAH 

Sarah  Ann  Stewart'  and  D.  J.  Weber' 

Abstract.—  Black  knot  disease  of  chokecherries,  induced  by  Dibotryon  morhostim  (Schw.)  Th.  &  Syd.,  is  widely 
distributed  in  Utah.  The  incidence  of  black  knot  was  measured  by  determining  the  ratio  of  total  black  knot  gall 
length  to  total  stem  length  of  plants  and  then  expressing  that  value  as  a  percentage  of  diseased  stems  in  the  sample 
plot.  The  environmental  site  factors  measured  were  elevation,  exposure,  slope,  soil  pH,  soil  depth,  distance  to  surface 
water,  plant  moisture  stress,  and  associated  vegetation.  Numerical  values  were  determined  for  each  of  these 
variables  at  each  of  18  randomly  located  plots.  Correlation  coefficients  for  plant  moisture  stress  and  soil  temperature 
were  -.439  (p  =  .065)  and  -.440  (p  =  .0.55).  Multiple  regression  analyses  using  plant  moisture  stress  and  soil 
temperature  gave  a  regression  coefficient  of  -.641  (p  =  .05).  As  plant  moisture  stress  and  soil  temperature  decreased, 
incidence  of  black  knot  increased. 


Black  knot,  induced  by  Dibotryon  morbo- 
siim  (Schw.)  Th.  &  Syd.,  is  common  on 
chokecherry  (Prunus  virginiana)  in  its  native 
habitat  throughout  Utah.  The  disease  is  char- 
acterized by  elongated  black  swellings  on  the 


stems  and  branches  (Fig.  1).  A  slight  swelling 
of  the  current  season  twigs  in  the  fall  is  the 
first  symptom  of  infection.  The  following 
spring,  knots  become  larger,  bark  ruptures, 
and  the  surface  of  the  gall  becomes  covered 


Fig.  1.  Black  knot  on  chokecherry. 


'Department  of  Botany  and  Range  Science,  Brigham  Young  University,  Prove,  Utah  84602. 
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Ascospores  or  conidia  are 
carried  by  wind  or  water 
to  new  infection  sites. 

\scospores  and/or  conidia 
are  released  in  the  spring. 


A.scospores  or  conidia 
germinate  and  infect  current 
season  stems  (spring,  summer). 


Fungus  overwinters  as 
mycelium  or  perithecia 


ODDaotDQ 

The  periderm  of  the  choke- 
cherry  stems  is  penetrated. 


Hyphae  grow  along  medullary 
rays  to  the  cambium. 

i 


The  fimgiis  forms  a  stromatic 
layer  on  which  perithecia 
develop. 


Mycelium  covers  the  gall 
and  conidia  are  produced. 


Parenchyma  cells  divide  ex- 
cessively and  are  pushed 
outward  to  form  the  basis 
of  the  gall. 


Fig.  2.  Disease  cycle  oi  Dihofnjou  moihossuni  on  chokecherry  {Pninu.s  vir<^ini(iiui). 


with  a  velvety  green  pad  of  mycelial  tissue. 
By  fall,  the  green  surface  is  replaced  by  black 
stromatic  tissue  (Koch  1935a).  The  disease 
cycle  is  illustrated  in  Figure  2. 

Dibotryon  morbosum  is  an  ascomycetous 
fungus.  The  light  green  ascospores  are  two 
celled,  with  one  cell  much  smaller  than  the 
other.  The  light  brown  conidia  that  are  pro- 
duced early  in  the  spring  arise  from  greenish 
gall  elevations  formed  the  previous  year  (An- 
derson 1956).  The  perithecia  are  produced  on 
the  surface  of  the  black  knots  in  hemispheri- 
cal, closely  appressed  elevations.  Ascospores 
or  conidia  initiate  the  primary  infection  in 
the  spring.  Conidia  germinate  and  penetrate 
intercellularly  up  to  seven  cell  layers  of  peri- 
derm to  initiate  a  primary  infection.  Initial 
infection  usually  occurs  on  current  season's 
growth  before  layers  of  periderm  are  well  de- 
veloped, though  occasionally  a  primary  in- 
fection may  occur  on  older  twigs  (Koch 
1935b). 

After  periderm  penetration,  hyphae  grow 
inward  to  the  cambium  and  along  the  me- 
duallary  rays  of  the  xylem.  Initially  no  host 
cells  are  killed.  When  the  mycelia  reach  the 
cambium,  they  stimulate  parenchyma  cells  to 
divide  excessively.  These  cells  push  outward 
and  form  the  basis  of  developing  knots.  My- 


celia grow  internally  in  either  direction  and 
give  rise  to  galls  some  distance  from  the  orig- 
inal infection.  During  the  second  summer, 
the  size  of  the  knots  enlarge  and  the  fungus 
develops  a  stromatic  surface  layer  on  the 
knot  in  which  perithecia  are  formed.  Asco- 
spores are  discharged  from  perithecia  in 
spring  and  are  spread  by  air  currents  or  wa- 
ter (Anderson  1956,  Koch  1933,  1934, 
1935a,b). 

Since  Koch's  study  (1933,  1934,  1935)  of 
the  epidemiology  of  black  knot  disease  on 
horticultural  plants,  very  little  research  has 
been  done  on  the  disease.  There  is  little  infor- 
mation on  environmental  site  factors  that 
correlate  with  intensity  and  distribution  of 
black  knot  on  native  hosts.  Previous  research 
has  been  confined  to  horticultural  varieties  of 
the  genus  Pruniis.  Although  Koch  studied 
temperature  and  moisture  as  affecting  asco- 
spore  and  conidia  ejection  and  germination, 
he  did  not  relate  these  to  incidence  and  dis- 
tribution of  the  disease  (Koch  1934).  This  in- 
vestigation was  designed  to  test  the  hypoth- 
esis that  environmental  site  factors  such  as 
location  in  relation  to  water,  plant  moisture 
stress,  soil  pH,  slope,  aspect,  and  elevation 
may  be  used  to  characterize  sites  of  high 
black  knot  incidence. 
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Methods  and  Procedures 

Forty  .01  hectare  plots  were  selected  by 
random  means  using  a  gridded  topographical 
map.  Examination  showed  only  18  of  the  sites 
supported  chokecherry;  thus  all  subsequent 
analyses  were  confined  to  those  sites.  Poten- 
tial plots  were  restricted  to  the  area  between 
the  mouth  of  Provo  Canyon  and  Cascade 
Springs  in  the  Wasatch  Mountains  of  Utah 
County,  Utah.  Data  on  the  following  site  fac- 
tors were  collected  from  each  site  during 
September  1982;  (1)  elevation,  (2)  steepness 
of  slope,  (3)  slope  aspect,  (4)  soil  depth,  (5) 
soil  pH,  (6)  soil  temperature,  (7)  plant  mois- 
ture stress,  (8)  distance  to  surface  water,  (9) 
estimate  of  imderstory  cover,  (10)  estimate  of 
composition  (i.e.,  proportions  of  total  cover 
contributed  by  forbs,  grasses,  and  woody 
plants),  (11)  soil  parent  material,  and  (12)  av- 
erage age  of  chokecherry  plants. 


A  numerical  value  was  determined  for 
slope  aspect  using  the  procedure  of  Beers  et 
al.  (1966)  for  aspect  transformation.  Soil 
depth  was  measured  by  pushing  a  pointed 
rod  into  the  soil  as  far  as  the  rod  would  go. 
Two  to  four  soil  depth  readings  were  taken 
at  each  site  and  averaged.  To  maintain  con- 
sistency, the  same  individual  determined  soil 
depth  at  all  sites.  Soil  pH  was  determined  us- 
ing a  glass  electrode  pH  meter  and  a  saturat- 
ed soil  paste.  Plant  moisture  stress  was  deter- 
mined by  placing  a  chokecherry  leaf  into  a 
plant  moisture  press  and  applying  pressure 
until  free  water  was  exuded  from  the  petiole 
(K.  Harper,  Brigham  Young  University,  pers. 
comm.).  Sample  leaves  were  similar  in  size 
and  taken  from  similar  positions  on  plants. 
Several  readings  were  taken  from  each  site 
and  averaged.  Both  plant  moisture  stress  and 
soil  temperature  data  were  collected  within  a 
period  of  five  days,  between  the  hours  of 


Table  1.  Environmental  site  factors  associated  with  black  knot  disease  of  chokecherry. 


Site 


v5  Q 


1. 

2086 

1.0 

1.8 

7 

6.55 

80 

2073 

.29 

20 

.4 

7.0 

12 

.23 

Quartzite 

2. 

4090 

1.3 

1.1 

9 

6.89 

80 

2012 

.29 

45 

.5 

6.8 

13 

.11 

Limestone 

3. 

1082 

3.0 

.6 

6 

10.69 

80 

21,34 

1.00 

30 

.8 

7.2 

12 

.29 

Quartzite 

4. 

2770 

1.4 

1.2 

6 

6.89 

95 

2444 

.29 

45 

1.6 

6.9 

10 

.20 

Quartzite 

5. 

6646 

4.3 

6.1 

5 

7.58 

95 

2256 

1.71 

30 

.8 

6.8 

11 

.54 

Quartzite 

6. 

4450 

10.9 

4.3 

9 

6..55 

85 

2195 

.00 

70 

.8 

7.0 

8 

.23 

Sandstone 

7. 

1708 

10.9 

1.9 

7 

6.55 

90 

2316 

1.00 

60 

.0 

6.7 

10 

.36 

Quartzite 

8. 

16213 

.3.8 

5.1 

8 

7.58 

90 

2438 

.29 

30 

.2 

6.9 

10 

.40 

Quartzite 

9. 

3856 

3.8 

2.1 

5 

6.55 

90 

2256 

1.71 

5 

.0 

6.9 

12 

.45 

Quartzite 

10. 

.3812 

.0 

3.4 

5 

12.41 

90 

1890 

.29 

70 

.4 

7.2 

13 

.10 

Quartzite 

11. 

2513 

13.4 

1.5 

5 

6.21 

55 

2073 

1.71 

60 

.0 

6.7 

10 

.23 

Quartzite 

12. 

6367 

.4 

3.7 

11 

15.17 

70 

1840 

.29 

45 

.0 

7.1 

10 

.20 

Slate 

13. 

4671 

.0 

29 

10 

10..34 

25 

1585 

1.71 

30 

.4 

6.9 

10 

.08 

Limestone 

14. 

2556 

.0 

.5 

3 

11.72 

70 

2463 

2.00 

35 

1.6 

6.9 

11 

.40 

Quartzite 

1.5. 

1622 

.0 

1.2 

5 

14.48 

95 

2463 

.29 

15 

1.6 

6.5 

8 

..34 

Quartzite 

16. 

2761 

1.0 

.9 

10 

12.41 

70 

2073 

.29 

45 

.4 

7.3 

12 

.17 

Qrtz/Sand 

17. 

5025 

.0 

5.0 

10 

8.27 

25 

1.524 

2.00 

75 

.0 

7.3 

14 

.25 

Quartzite 

18. 

4983 

.0 

5.8 

5 

3.45 

95 

1646 

.29 

30 

2 

7.3 

13 

.44 

Quartzite 

Mean 

4289.5 

3.1 

2.7 

7 

8.91 

77 

2093 

.85 

41 

.5 

7.0 

11 

.28 

SD 

.3373.1 

4.3 

1.9 

24 

3.24 

22 

300 

.74 

20 

.6 

.2 

2 

.13 

'Transformed  as  suggested  by  Beers  et  al.  (1966). 
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Fig.  3.  Regression  equation  of  percent  black  knot  in 
relation  to  soil  temperature. 

0800  and  1000.  To  determine  soil  temper- 
ature, a  soil  temperature  probe  was  inserted 
15  cm  into  the  soil.  Average  age  of  plants  in 
a  plot  was  determined  by  counting  annual 
growth  rings  in  stems  of  average  diameter 
representative  of  the  site. 

All  measurements  on  chokecherry  plants 
and  black  knot  galls  were  collected  from  four 
subplots  (2x2  m)  located  in  the  corners  of 
each  of  the  18  study  plots.  The  degree  of 
black  knot  infection  was  determined  by  mea- 
suring the  length  of  all  stems  and  branches  of 
chokecherry  and  the  length  of  black  knot 
galls  on  the  stems  in  each  miniplot  and  ex- 
pressing diseased  tissue  as  a  percentage  of  to- 
tal stem  length.  Because  of  the  rhizomatous, 
spreading  growth  habit  of  the  chokecherry 
plant  and  difficulty  of  determining  bound- 
aries of  a  single  plant,  all  stems  and  branches 
within  the  2  x  2  m  subplots  were  measured 
and  considered  as  a  single  plant. 

Correlation  analyses,  regression  analyses, 
analysis  of  variance,  and  chi-square  analysis 
were  used  to  analyze  the  data.  Regression 
and  correlation  coefficients  were  tested  for 
significance  with  the  t-test  (Snedecor  and 
Cochran  1967).  To  determine  if  elevation  af- 
fected incidence  of  black  knot,  the  plots  were 
divided  into  three  elevational  categories  with 
six  plots  in  each  category  designated.  Low 
elevation  was  1524-2012  m.  Midelevation 
was  2073-2256  m.  High  elevation  was 
2256-2463  m. 

Results 

Black  knot  disease  was  observed  on  plots 
between  1840  and  2444  m.  The  18  random 


16.5 

Y   ■= 

8 

21  - 

.578  (plant  moisture 

,2  . 

.142 

13.0 

o   P  " 

OC2> 

.13 
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Fig.  4.  Regression  equation  of  percent  black  knot  in 
relation  to  plant  moisture  stress. 

plots  ranged  in  elevation  from  1524  to  2463 
m  (5,000-8,000  ft)  above  sea  level  (Table  1). 
A  chi-square  analysis  showed  no  significant 
difference  in  incidence  of  disease  in  high, 
middle,  and  low  elevational  categories. 

The  data  obtained  for  the  12  factors  on  the 
18  sites  are  shown  in  Table  1.  A  correlation 
analysis  relating  the  incidence  of  black  knot 
with  all  quantified  site  factors  was  deter- 
mined. The  correlation  coefficients  for  the 
analyses  are  shown  in  Table  2.  The  correla- 
tion analyses  indicate  that  black  knot  disease 
tended  to  occur  more  frequently  on  sites  with 
lower  soil  temperatures,  deeper  soils,  more 
acid  soils,  and  lower  plant  moisture  stress.  Of 
these,  soil  temperature  and  plant  moisture 
stress  were  most  closely  correlated  with  in- 
cidence of  the  disease.  Both  plant  moisture 
stress  and  soil  temperature  were  negatively 
correlated  with  disease  incidence.  The  proba- 
bility of  the  null  hypothesis  being  true  for 
plant  moisture  stress  was  .065;  for  soil  tem- 
perature probability  was  .055. 

Using  severity  of  black  knot  as  the  depen- 
dent variable,  linear  regressions  were  deter- 
mined with  plant  moisture  stress  or  soil  tem- 
perature as  independent  variables.  Figures  3 
and  4  show  the  results  of  those  regression 
analyses.  As  plant  moisture  stress  increased, 
severity  of  black  knot  decreased.  Similarly,  as 
soil  temperature  increased,  incidence  of 
black  knot  again  decreased. 

Since  plant  moisture  stress  and  soil  temper- 
ature were  not  significantly  correlated  with 
each  other  and  could  conceivably  interact  to 
alter   plant  response   to  black  knot  disease, 
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Table  2.  Linear  correlation  coefficients  showing  rela- 
tionship of  degree  of  development  of  black  knot  disease 
(cm  of  gall /cm  of  stem)  to  various  factors. 


Table  3.  Linear  correlation  coefficient  values  for  per- 
cent black  knot  disease  (cm  of  gall/cm  of  stem)  relative 
to  independent  environmental  site  factors. 


Factors 


Correlation 
coefficient 


Significance 
level  (p) 


Soil  temperature 

-.440 

Plant  moisture  stress 

-.4.39 

Soil  pH 

-..391 

Distance  to  surface  H2O 

-.264 

Average  age  of  stand 

-.086 

.Average  height  of  stems 

-.(K)2 

Slope 

..353 

Elevation 

.287 

%  composition  from 

forbs 

.215 

Soil  depth 

.L51 

E.xposure 

.110 

Percent  undcrstorv 

cover 

.101 

%  composition  from 

grasses 

.061 

%  composition  from 

shrubs 

.033 

N.S.  =  Nonsignificant 

.055 
.065 
.085 
N.S. 

N.S. 
N.S. 
.080 

N.S. 

N.S. 
N.S. 
N.S. 

N.S. 

N.S. 

N.S. 


these  two  factors  were  used  as  independent 
variables  in  a  multiple  regression  analysis  in 
which  degree  of  severity  was  the  dependent 
variable  (Table  3).  The  analysis  gave  a  mul- 
tiple regression  coefficient  of  -.411  (p  .05). 
The  regression  equation  takes  the  form:  y  = 
24.7  -  .717  (moisture  stress  -  1.38  [soil 
temperature]). 

Discussion  and  Conclusion 

Koch  (1935)  and  Smith  (1970)  found  asco- 
spore  and  conidia  ejection  occurred  during 
rainfall,  when  the  temperature  was  10-15  C. 
Germination  occurred  when  the  relative  hu- 
midity was  76%-90%  and  the  temperature 
was  between  12-30  C.  Optimal  germination 
occurred  at  24  C.  There  is  no  information 
available  on  the  environmental  conditions 
necessary  to  maintain  and  increase  fungal 
growth  in  vivo,  although  in  vitro  studies  in- 
dicate 22-24  C  as  optimal  for  growth  (Koch 
1935).  The  environmental  site  factors  found 
to  be  most  closely  correlated  with  disease  in- 
cidence in  this  study  were  plant  moisture 
stress  and  soil  temperature.  Low  plant  mois- 
ture stress  reflects  high  moisture  availability 
for  both  the  plant  and  for  the  fungus.  Soil 
temperature  can  exert  strong  influences  on 
available  soil  moisture.  Those  sites  with 
lower  soil  temperature  and  less  plant  mois- 


Exposure 

Elevation 

Slope 

Soil  pH 

Soil  depth 

Distance  to  surface  H2O 

Plant  moisture 

Soil  temperature 

Percent  understorv  cover 

Percent  composition; 

a.  Forbs 

b.  Grasses 

c.  Shrubs 
Average  age  of  stand 
Average  height 


.110 

.287 

.353 

.391 

.151 

.264 

.4.39  (p  =  .065) 

.440  (p  =  .0.55) 

.101 

.215 
.061 
.033 
.086 
.(K)2 


ture  stress  are  probably  the  sites  that  receive 
and  hold  more  spring  moisture,  which  in  turn 
would  provide  a  more  favorable  site  for  in- 
fection. The  results  would  suggest  that  the 
pathogen  infects  over  the  same  range  of  ele- 
vation as  chokecherry  grows.  Further  studies 
are  needed  to  establish  the  influence  of  the 
site  factors  we  measured  on  those  environ- 
mental factors  that  are  necessary  for  fungal 
sporulation,  dispersal,  infection,  and  growth 
under  field  conditions. 

Black  knot  is  a  disfiguring  and  debilitating 
disease  on  chokecherries.  Knowledge  of  those 
site  characteristics  associated  with  high  in- 
cidence of  black  knot  can  be  useful  in  mak- 
ing management  decisions  concerning  reveg- 
etation  with  chokecherry  plants. 
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BIRDS  OF  THE  DESERT  REGION  OF  UINTAH  COUNTY,  UTAH 

A.  CJavloii  C^ook' 


Abstract.—  The  Common  Loon,  White  Pehcan,  Double-crested  Cormorant,  recurvirostrids,  and  most  grebes, 
waterfowl,  gulls,  and  terns  have  become  more  abundant  in  Uintah  Countv,  Utah,  since  1937  (Twomev  1942)  due  to 
the  establishment  of  Pelican  Lake  and  adjacent  water  bodies  and  the  ponds  and  mar.shes  at  Ouray  National  Wildlife 
Refuge  and  Pariette  Wetlands  Wildlife  Management  Area.  The  incidence  of  herons,  egrets,  thrushes,  nuthatches, 
and  icterids  has  generally  remained  about  the  same  since  1937.  Diurnal  raptors  have  largely  declined  in  abundance 
in  the  desert  region  of  Uintah  Coimty  since  Twomey's  (1942)  study.  Plovers,  sandpipers,  phalaropes,  and  the  White- 
faced  Ibis  were  generally  less  common  in  1977-1982  than  in  1937,  perhaps  chieflv  due  to  their  displacement  from 
wintering  grounds  by  human  population  expansion  and  agricultural  and  industrial  development.  The  incidence  of 
owl  species  remains  constant.  Most  flycatchers,  swallows,  warblers,  vireos,  orioles,  and  emberizids  have  diminished 
in  number  since  1937,  probably  because  of  the  shrinkage  of  their  winter  habitats  in  Latin  America  and  the 
southwestern  U.S.  The  Blue  Crosbeak  and  Black-throated  Sparrow  were  not  recorded  in  Uintah  County  in  1937  but 
were  foimd  there  during  this  study  and  may  represent  a  range  extension  northward  since  1937.  The  Blue-gray 
Gnatcatcher  is  more  common  now  than  in  1937  due  to  the  northward  extension  of  its  range.  The  Starling  and  Rock 
Dove  and,  more  recently,  the  Common  Crackle,  Great-tailed  Crackle,  and  Cattle  Egret  have  invaded  Uintah  County 
due  to  the  expansion  of  their  ranges.  It  is  not  clear  why  the  Pine  Siskin,  House  Finch,  and  most  corvids  are  presently 
less  common  than  in  1937. 


Description  of  the  Desert  Region 
of  Uintah  County 

Uintah  County,  Utah  (11,425  kms),  ahnost 
as  large  as  Connecticut  (12,973  km^)  and  over 
twice  as  large  as  Delaware  (5,328  km-),  is  in 
northeastern  Utah  in  the  Colorado  Plateau 
province  (Breed  1976).  I  performed  wildlife 
surveys  on  oil  shale  lands  there  from  1977  to 
1982.  Most  observations  included  in  this  pa- 
per were  made  on  lands  or  in  the  proximity 
of  roads  leading  between  oil  shale  leases  and 
Vernal.  Thus,  this  work  is  limited  to  sightings 
occurring  in  the  lowlands  of  Uintah  County. 
In  this  study,  the  desert  region  of  Uintah 
County  (principally  at  1,400-1,675  m)  in- 
cludes desert  scrub  (or  shrub,  Graham  1937), 
desert-riparian  (Fremont  cottonwood— Pop?/- 
his  fremontii,  sandbar  willow— So/h'  exigua, 
peach-leaf  willow— S.  amygdaloides,  tama- 
vix—Tamarix  pentandra  Pall,  and  box  elder- 
Acer  negundo;  Graham  1937,  Welsh  and 
Moore  1973),  and  lowland  pond,  marsh,  and 
lake  habitats  as  well  as  agricultural  and  urban 
land.  Plants  along  Green  River  at  Split 
Mountain  Campground  in  Dinosaur  National 
Monument,   including   yellow   willow    {Salix 


lutea)  and  willow  (S.  monticola),  are  consid- 
ered to  constitute  desert-riparian  habitat  al- 
though they  exist  in  the  transition  zone  be- 
tween the  latter  and  montane-riparian 
habitat.  Vegetation  along  Ashley  Creek  at 
the  mouth  of  Dry  Fork  Canyon  (1830  m)  and 
in  and  near  Merkley  Park  (1830  m),  con- 
sisting of  thin-leaved  aider— Alder  tenuifolia, 
river  birch— Betiila  occidentalis,  narrowleaf 
Cottonwood— Fopf//!/.s  angustifoJia,  red  osier 
dogwood— Cornf<.s  stolonifera,  yellow  wil- 
low—Sa//.r  lutea,  willow— So/ix  lasiandra 
Benth.,  and  bush  honeysuckle— Lon/cera  in- 
volucrato  (Graham  1937,  Welsh  and  Moore 
1973),  is  considered  to  be  montane-riparian 
habitat.  Juniper-pinyon  woodlands  in  Uintah 
County  are  not  considered  to  be  part  of  its 
desert  region. 

Geographic  Locations  and 
Dates  of  Avian  Sightings 
MADE  BY  Other  Observers 

Behle  (1981)  reviewed  most  of  the  orni- 
thological work  that  occurred  in  the  desert 
region  of  Uintah  County.  Other  important 
avian  studies  there  are  reviewed  as  follows. 
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C.  Cottam  observed  birds  near  Jensen  on 
12  September  1941  (Hayward  et  al.  1976). 
Killpack  and  Hayward  (1958,  Hayward  et  al. 
1976)  watched  birds  approximately  18  km 
east  of  Jensen  9  June  1953,  in  the  vicinity  of 
Bonanza  and  Rainbow  16,  18,  and  22  June 

1954,  about  13  km  south  of  Ouray  29  May 

1955,  and  at  Pelican  Lake  19  September 
1956  and  17  June  1958. 

Specimens  were  collected  at  Randlett  6 
May  1950,  1  July  1957,  and  22  July  1961,  and 
at  and  near  Jensen  19,  20,  and  22  July  1937 
and  18  May  1958;  birds  were  seen  along 
Green  River  near  Ouray  and  south  of  Bo- 
nanza 17-18  May  1958  and  near  Randlett  13 
May  1961  (Hayward  1967).  From  1960  to 
1970,  C.  L.  Hayward,  H.  H.  Frost,  and  asso- 
ciates (Hayward  1967,  Hayward  et  al.  1976) 
made  many  avian  observations  at  Pelican 
Lake. 

Behle  and  Ghiselin  (1958)  collected  birds 
about  5  km  south  of  Vernal  26  July  and  10 
September  1948,  18  and  20  June  1949,  and  6 
and  25-27  August  1949,  at  Brush  Creek,  ap- 
proximately 13  km  northeast  of  Vernal,  24 
August  1949,  and  about  5  km  southwest  of 
Jensen  27  July  and  11  and  28  August  1949. 
Behle  and  Selander  (1952)  reported  the  cap- 
ture of  a  Blue  Grosbeak  5  km  south  of  Vernal 
in  June  1950  and  the  observation  of  the  spe- 
cies at  Vernal  4  August  1951.  G.  Lloyd  and 
C.  M.  White  made  observations  and  collected 
specimens  along  the  White  River  west  of 
Ouray  in  July  1961  as  part  of  the  larger  study 
of  Utah  by  Behle  (White,  pers.  comm.). 

M.  A.  Strong  (Olsen  1973)  surveyed  birds 
in  the  oil  shale  area  of  Uintah  County  in 
1972  and  1973  and  performed  breeding  bird 
inventories  there  in  spring  1973.  Ornitholo- 
gists on  the  White  River  Project  Team  sur- 
veyed birds  on  and  near  the  federal  oil  shale 
tracts  U-a  and  U-b  southwest  of  Bonanza  in 
1975  and  1976  (Anonymous  1977).  Sangster 
(1976,  1977)  performed  avian  studies  at 
Ouray  National  Wildlife  Refuge  (ONWR) 
and  Pelican  Lake  in  the  spring  of  1975  and 
1976.  At  Kennedy  Basin  18  km  northwest  of 
Bonanza,  B.  H.  Green  (1981)  and  A.  R.  John- 
son (1981)  studied  habitat  utilization  among 
Sage  Sparrows  and  Lark  Buntings,  respec- 
tively, in  1979  and  1980.  In  recent  years,  sev- 
eral birders,  including  E.  Sorenson,  R.  Soren- 
son,    M.    L.    Perry,    and    M.    Webb,    have 


reported  unusual  sightings  of  birds  in  Uintah 
County  to  American  Birds.  D.  Chure  and  L. 
Ferris  and  other  personnel  with  the  U.S.  Na- 
tional Park  Service,  T.  Tornow,  M.  Lange, 
and  H.  G.  Troester,  personnel  with  the  U.S. 
Fish  and  Wildlife  Service,  and  D.  Zalunardo, 
S.  Madsen,  and  K.  L.  Parr,  employees  of  the 
Bureau  of  Land  Management,  provided  many 
sighting  records  at  Dinosaur  National  Mon- 
ument, ONWR,  and  Pariette  Wetlands  Wild- 
life Management  Area  (PWA),  respectively. 
J.  S.  Cranney  and  M.  Schwinn,  employees  of 
the  Utah  State  Division  of  Wildlife  Re- 
sources, supplied  the  locations  of  several  rap- 
tor nesting  sites  in  the  desert  region  of  Uintah 
County,  and  M.  Horton  and  P.  Wagner  made 
raptor  observations  there.  Utah  Field  Or- 
nithologists visited  ONWR,  Pelican  Lake, 
Stewart  Lake  Wildlife  Management  Area 
(SLWMA),  Dinosaur  National  Monument, 
and  Vernal  City  parks  15-16  May  1982.  D. 
Chure,  L.  Ferris,  M.  S.  Fisher,  J.  Harris,  M. 
Lange,  A.  Leppert,  C.  Leppert,  M.  Leppert, 
P.  Leppert,  and  R.  Mackin  performed  an 
Audubon  Christmas  bird  count  in  the  Jensen 
area  26  December  1982  (D.  Chure  and  L. 
Ferris,  pers.  comm.). 

Methods 

This  paper  does  not  include  all  avian  ob- 
servations that  have  been  made  in  the  desert 
region  of  Uintah  County,  Utah.  It  indicates 
sightings  or  collections  of  the  author  and 
other  ornithologists  or  birders  demonstrating 
the  relative  abundance  or  periods  of  occur- 
rence of  species  in  that  region  different  from 
that  reported  in  one  or  more  published  works 
cited  here. 

The  incidence  of  birds  in  Twomey's  (1942) 
study  and  mine  (Fig.  2)  are  often  compared. 
In  designating  the  relative  abundance  of  spe- 
cies in  1934,  1935,  and  1937  versus 
1977-1982,  the  same  criteria  were  not  used 
because  A.  C.  Lloyd's  investigation  continued 
for  only  36  days  in  spring  and  summer  1934 
and  four  months  in  spring  and  summer  1935 
(Twomey  1942),  and  Twomey's  (1942)  study 
lasted  only  five  months  in  1937  whereas  my 
investigation  continued  for  five  years. 

A  species  was  considered  rare  when  from  1 
to  3  separate  sightings  were  made  of  fewer 
than  5  individuals  or  when  only  one  sighting 
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was  made  of  a  flock  of  5  or  more  individuals. 
For  Twomey's  (1942)  study,  uncommon  spe- 
cies generally  include  those  that  were  noted 
as  being  rare,  uncommon,  not  plentiful,  not 
abundant,  not  numerous,  or  as  being  re- 
presented by  few  individuals.  When  the  num- 
ber of  bird  observations  was  recorded,  a  spe- 
cies was  regarded  as  uncommon  when  4-24 
sightings  were  made  of  fewer  than  5  individ- 
uals or  when  2-14  sightings  were  made  of 
flocks  comprising  5  or  more  individuals.  In 
this  study,  a  species  was  considered  uncom- 
mon when  fewer  than  5  representatives  were 
observed  on  4-24  different  days  or  when  5  or 
more  individuals  were  sighted  on  2-19  differ- 
ent days. 

For  Twomey's  investigation,  common  spe- 
cies generally  include  those  that  were  in- 
dicated as  being  common,  plentiful,  numer- 
ous, abundant,  frequently  seen,  or  seen  in 
considerable  numbers.  When  bird  observa- 
tions were  enumerated,  species  were  usually 
considered  common  when  25  or  more  sight- 
ings were  made  of  fewer  than  5  individuals 
or  when  15  or  more  sightings  were  made  of 
flocks  consisting  of  5  or  more  individuals.  In 
the  present  study,  species  were  considered 
common  when  fewer  than  5  individuals  were 
sighted  on  25-100  different  days  or  when 
flocks  of  5  or  more  individuals  were  observed 
on  20-50  days.  Species  recorded  in 
Twomey's  study  are   regarded  as  abundant 


when  they  were  noted  as  being  very  abun- 
dant, very  plentiful,  very  numerous,  very 
common,  or  the  most  abundant  or  widely  dis- 
tributed bird  in  one  type  of  habitat.  In  this 
investigation,  a  species  was  considered  abun- 
dant when  fewer  than  5  representatives  were 
observed  on  100  or  more  different  days  or 
when  flocks  of  5  or  more  individuals  were 
observed  on  50  or  more  different  days. 

The  sites  of  my  observations  are  shown  in 
Figure  1  and  the  periods  during  which  differ- 
ent species  were  sighted  are  indicated  in  Fig- 
ure 2.  In  this  paper,  common  names  and  sci- 
entific taxonomic  nomenclature  and  the 
sequence  of  species  presentation  are  accord- 
ing to  the  American  Ornithologists'  Union 
(1982). 

Observations  and  Discussion 

Gaviiformes 
Gfaviidae 

Common  Loon  (Gavia  imnier).  Most  sight- 
ings occurred  during  migration  in  April, 
May,  and  September  at  Pelican  Lake 
(Twomey  1942,  Hayward  et  al.  1976,  Sang- 
ster  1976,  Leppert  1982,  Fig.  2)  and  Bottle 
Hollow  Resort  (S.  Madseii,  pers.  comm.).  M. 
Lange,  D.  Chure,  and  L.  Ferris  saw  two  birds 
at    Bottle    Hollow    Resort    4    July     1982 


Fig.  1.  Map  of  the  desert  region  of  Uintah  County,  Utah  showing  the  routes  and  areas  where  the  author  made 
avian  observations  in  1977-1982:  1,  Glade  Hohnes  Ranch  along  Brush  Creek  16  km  northeast  of  Vernal.  2, 
Southwestern  part  of  Dinosaur  National  Monument,  Utah,  and  environs.  3,  Stewart  Lake  Waterfowl  Management 
.\rea.  4,  Ashley  Valley,  particularly  the  authors  hackvard  in  Naples.  5,  Pelican  Lake  and  environs,  including  ponds 
to  the  east  and  west.  6,  Ouray  National  Wildlife  Refuge.  7,  Pariette  Wetlands  Wildlife  Management  Area.  8, 
Cottonwood  Grove  north  of  the  White  River,  7  km  southeast  of  Ouray.  9,  Area  in  vicinity  of  Mountain  Fuel  Supply 
Company  bridge  on  the  White  River.  10,  Sand  Wash  and  roads  in  its  vicinity.  11,  Area  at  40°(K)'N,  109°3rW.  12, 
Interspersed  Black  Sagebrush  and  Spiny  Hopsage-Shadscale-Horsebrush  communities  and  a  pond  at  40°00'N, 
1()9°32'W.  13,  Mixed  desert  scrub  community  in  sand  dunes  at  .39°.59'N,  l()9°3rw.  14,  Wash  with  vegetation 
dominated  by  greasewood  and  environs  of  that  wash  at  39°57  to  .58'N,  109°32'W.  15,  White  River  between  West 
Fork  of  Saddle  Tree  Draw  and  Mountain  Fuel  Supply  Company  bridge.  A,  U.S.  Highway  40  between  Vernal  and 
Jensen.  B,  Utah  State  Highway  149  between  Stewart  Lake  Waterfowl  Management  Area  and  Dinosaur  National 
Monument.  C,  Route  extending  from  the  intersection  of  Roads  1500  East  and  .5000  South,  south  of  Naples,  to 
Horseshoe  Bend  of  the  Green  River.  D,  Road  extending  from  Green  River  bridge  at  Jensen  to  Mountain  Fuel  Supply 
C:ompany  White  River  bridge  via  Red  Wash.  E,  Glen  Bench  Road  extending  from  Red  Wash  Road  to  the  southern 
Ouray-Bonanza  Road.  F,  Road  extending  from  Green  River  bridge  at  Ourav  to  Road  D.  G,  Road  extending  to  the 
Bitter  Creek  Basin  from  junction  of  road  proceeding  to  Mountain  Fuel  Supply  Company  bridge  and  road  proceeding 
to  Ouray  via  Seep  Ridge  Road.  H,  Road  in  Bitter  Creek  Basin  continuing  from  confluence  of  Bitter  Creek  and  White 
River  south  for  16  km.  I,  Road  along  Willow  Creek.  J,  Road  passing  through  Green  Canvon  between  Willow  Creek 
and  Hill  Creek.  K,  Road  along  Hill  Creek.  L,  Road  extending  to  Seep  Ridge  Road  and  thence  to  Ouray  from  junction 
of  road  proceeding  to  .Mountain  Fuel  Supply  Company  bridge  and  road  proceeding  to  Bitter  Creek  Basin.  \\,  Road 
extending  from  U.S.  Highway  40  to  Ouray  via  Utah  Highways  209  and  88.  N,  Road  extending  from  U.S.  Highway  40 
.south  to  Pariette  Wetlands  Wildlife  .Management  Area  via  Fort  Duchesne.  O,  Section  of  U.S.  Highway  40  southwest 
of  .\sphalt  Ridge. 
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JAN 

FEB 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 

Common  Loon 

Horned  Grebe 

Eared  Grebe 

Western  Grebe 

Pied-billed  Grebe 

White  Pelican 

Double-crested  Cormorant 

Great  Blue  Heron 

Northern  Green  Heron 

Cattle  Egret 

Great  Egret 

Snowy  Egret 

Black-crowned  Night  Heron 

American  Bittern 

White-faced  Ibis 

Whistling  Swan 

Canada  Goose 

Wbite-lronied  Goose 

Snow  Goose 

Mallard 

Gadwall 

Pintail 

American  Green-winged  Teal 

Blue-winged  Teal 

Cinnamon  Teal 

Amencan  Wigeon 

Northern  Shoveler 

Wood  Duck 

Redhead 

Ring-necked  Duck 

Canvasback 

Lesser  Scaup 

Common  Goldeneye 

Bufflehead 

Ruddy  Duck 

Hooded  Merganser 

Common  Merganser 

Red-breasted  Merganser 

Turkey  Vulture 

Goshawk 

Cooper  s  Hawk 

Red-tailed  Hawk 

Swainson  s  Hawk 
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Fig.  2.  Periods  of  avian  occurrence  and  number  of  different  davs  tliat  liird  species  were  observed  in  tliis  studv. 
Fisjiue  2  was  completed  before  the  latest  check-list  of  North  American  birds  was  published  by  the  .\nierican 
Ornithologists'  Union  (1982).  The  nomenclature  and  sequence  of  species  listed  in  Figure  2  are  according  to  Havward 
etal.  (1976). 
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Bald  Eagle 

Marsh  Hawk 

Osprey 

Prairie  Falcon 

Peregrine  Falcon 

Merlin 

American  Kestrel 

Sage  Grouse 

California  Quail 

Ring-necked  Pheasant 

Chukar 

Whooping  Crane 

Sandhill  Crane 

Sora 

American  Coot 

Killdeer 

American  Golden  Plover 

Black-belhed  Plover 

Common  Snipe 

Long-billed  Curlevw 

Whimbrel 

Spotted  Sandpiper 

Solitary  Sandpiper 

Greater  Yellowlegs 

Lesser  Yellow/legs 

Willel 

Baird  s  Sandpiper 

Least  Sandpiper 

Western  Sandpiper 

Sanderling 

Long-billed  Dowitcher 

Marbled  Godwit 

American  Avocet 

Black-necked  Stilt 

Wilsons  Phalarope 

Herring  Gull 

Ring-billed  Gull 

Franklin  s  Gull 

Bonaparte's  Gull 

Forster  s  Tern 

Black  Tern 

Rock  Dove 

Mourning  Dove 

Yellow-billed  Cuckoo 

Screech  Owl 

Great  Horned  Owl 


Fig.  2b  (continued). 
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Burrowing  Owl 
Long-eared  Owl 
Shon-eared  Owl 
Common  Nighttiawk 
While-throated  Swift 
Black-chinned  Hummingbird 
Broad-tailed  Hummingbird 
Rutous  Hummingbird 
Belted  Kingfisher 
Common  Flicker 
Yellow-bellied  Sapsucker 
Lewis  Woodpecker 
Hairy  Woodpecker 
Downy  Woodpecker 
Eastern  Kingbird 
Western  Kingbird 
Ash-throated  Flycatcher 
Eastern  Phoebe 
Say's  Phoebe 
Willow  Flycatcher 
Dusky  Flycatcher 
Gray  Flycatcher 
Western  Flycatcher 

Western  Wood  Pewee 
Horned  Lark 
Violel-green  Swallow 
Tree  Swallow 
Rough-winged  Swallow 
Bank  Swallow 
Barn  Swallow 
Cliff  Swallow 
Water  Pipil 
Loggerhead  Shnke 
Northern  Shrike 
Bohemian  Waxwing 
Hock  Wren 
Canyon  Wren 
Long-billed  fylarsh  Wren 
House  Wren 
Mockingbird 
Sage  Thrasher 
Mountain  Bluebird 
Townsend  s  Solitaire 
Veery 

Swainson  s  Thrush 
Hermit  Thrush 


Fig.  2c  (continued). 


October  1984 


Cook:  Uintah  County  Birds 


591 


JUNE        JULY         AUG 
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American  Robin 
Blue-gray  Gnatcalcher 
Ruby-crowned  Kinglet 
Black-capped  Chickadee 
Mountain  Chickadee 
Red-breasted  Nuthatch 
White-breasted  Nuthatch 
Lark  Bunting 
Song  Sparrow 
Lincoln  s  Sparrow 
Harris  Sparrow 
White-crowned  Sparrow 
Dark-eyed  Junco 
Savannah  Sparrow 
Tree  Sparrow 
Chipping  Sparrow 
Brewer  s  Sparrow 
Vesper  Sparrow 
Lark  Sparrow 
Black-throated  Sparrow 
Sage  Sparrow 
Green-tailed  Towhee 
Rufous-sided  Towhee 

Black-headed  Grosbeak 
Blue  Grosbeak 
Lazuli  Bunting 
Western  Tanager 
Orange-crowned  Warbler 
Virginia  s  Warbler 
Yellow  Warbler 
Black-throated  Gray  Warbler 
Townsend  s  Warbler 
Yellow-rumped  Warbler 
Common  Yellowthroat 
MacGillivray's  Warbler 
Wilson  s  Warbler 
Yellow-breasted  Chat 
Solitary  Vireo 
Warbling  Vireo 
Philadelphia  Vireo 
Northern  Onole 
Yellow-headed  Blackbird 
Red-winged  Blackbird 
Western  Meadowlark 
Common  Grackle 
Brewer  s  Blackbird 


Fig.  2d  (continued). 
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^^^  Bar  shows  time  period  during  which  a  species  was  observed.  Number  above  bar  indicates  the 
number  of  different  days  that  the  species  was  seen. 

•       Indicates  a  single  day  of  observation  of  a  species  in  a  season. 

■  ■  Shows  that  a  species  was  seen  during  a  time  period  although  no  specific  sighting  date  is  available. 


Fig.  2e  (continued). 

(D.  Chure,  pers.  comm.),  and  E.  Sorenson  and 
R.  Sorenson  saw  four  birds  in  the  Vernal  area 
7  July  1981  (Kingery  198 Id).  I  observed  the 
species  as  late  as  November  (Fig.  2). 

Podicipedidae 

Pied-billed  Grebe  {Podilymbtis  podiceps). 
More  common  than  in  1937  (Twomey  1942) 
due  to  the  creation  of  Pelican  Lake  and 
ponds  at  ONWR  and  PWA.  Young  were  ob- 
served in  the  present  study  at  the  permanent 
pond  east  and  across  Utah  Highway  88  from 
Pehcan  Lake  (Fig.  1)  16  July  1981.  The  com- 
monly occurring  species  of  grebes  in  Uintah 
County  do  not  overwinter  there  (Fig.  2)  as 
they  do  in  some  parts  of  Utah  (Hayward  et 
al.  1976). 

Horned  Grebe  {Podiceps  auritus).  At 
ONWR,  one  bird  was  observed  by  L.  Malone 
(Kingery  1980a)  11  March  1980.  I  saw  one 
individual  at  the  front  (west)  pond  of  ONWR 
and  the  pond  1  km  west  of  Pelican  Lake 
(Figs.  1-2).  On  15-16  May  1982,  Utah  Field 
Ornithologists  sighted  2  individuals  at  Peli- 
can Lake  and  a  total  of  10  birds  in  the  Uinta 
Basin  (Leppert  1982).  N.  Howk  (D.  Chure,  in 


lift.)  saw  2  birds  in  winter  plumage  on  Green 
River  at  Dinosaur  National  Monument  28 
August  1982. 

Eared  Grebe  (Podiceps  nigricoUis).  These 
have  increased  numerically  (Fig.  2)  since 
1937  (Twomey  1942).  A  colony  of  more  than 
50  nested  at  Woods  Bottom  of  ONWR  in 
1981  and  1982  (T.  Tornow  and  H.  G.  Troes- 
ter,  pers.  comm.). 

Western  Grebe  {Aechmophonis  occiden- 
talis).  Recorded  as  a  migrant  in  1937 
(Twomey  1942).  At  least  13  sightings  of  the 
species  in  addition  to  mine  (Fig.  2)  were 
made  from  18  April- 19  September  in  1956, 
1961,  1963,  1964,  1966,  1967,  1981,  and  1982 
(Hayward  1967,  Behle  1981,  Leppert  1982, 
D.  Chure  and  L.  Ferris,  pers.  comm.). 

Pelecaniformes 

Pelecanidae 

American  White  Pelican  {Pelecaniis  enj- 
throrhynchos).  A  few  birds  were  seen  in  May 
1937-1963  (Twomey  1942,  Hayward  1966, 
Hayward  1967,  D.  Chure,  in  litt.).  At 
ONWR,  White  Pelicans  were  seen  15  Sep- 
tember-13   November   1980,   10-24  April 
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1981  (38  birds),  and  23  June  1981  (43  individ- 
uals; Kingery  1981a,  T.  Tornow,  pers. 
comm.).  In  April  1981,  the  bill  of  some  males 
bore  a  protuberance  suggesting  that  they 
were  already  in  breeding  condition  as  they 
migrated  northward  (T.  Tornow,  pers. 
comm.).  The  Utah  Department  of  Natural 
Resources,  Division  of  Wildlife  Resources 
(Kingery  1981d)  noted  that  40-50  non- 
breeding  individuals  summered  in  the  Vernal 
area  in  1981  when  over  50  were  seen  simul- 
taneously at  the  desiltation  pond  of  PWA, 
where  they  remained  throughout  the  svmimer 
(K.  L.  Parr  and  D.  Zalunardo,  pers.  comm.. 
Fig.  2).  D.  Chure  and  L.  Ferris  (pers.  comm.) 
sighted  3  (2  with  a  protuberance  of  the  bill) 
at  SLWMA  18-19  April  1982.  I  observed  one 
individual  twice  at  Pelican  Lake  and  twice  at 
Woods  Bottom  Pond  of  ONWR  (Fig.  2). 

Phalacrocoracidae 

Double-crested  Cormorant  {Phalacrocorax 
auritus).  More  abundant  than  in  1937 
(Twomey  1942)  due  to  the  creation  of  a  pond 
with  Cottonwood  snags  in  its  center  approx- 
imately 1  km  west  of  Pelican  Lake  and  the 
establishment  of  ponds  and  marshes  at  PWA 
and  ONWR  (Fig.  1).  At  the  rookery  west  of 
Pelican  Lake,  R.  Sorenson  and  E.  Sorenson 
(Kingery  1981c)  observed  10  occupied  nests  2 
May  1981  and  18  such  nests  27  June  1981. 
Utah  Field  Ornithologists  saw  53  birds  there 
and  3  at  ONWR  15-16  May  1982  (Leppert 
1982).  At  PWA,  I  observed  immature  indi- 
viduals 30  June  and  3  adults  7  July  1981  (Fig. 
2).  I  sighted  the  species  at  ONWR,  Pelican 
Lake,  and  the  rookery  1  km  west  of  Pelican 
Lake,  where  I  observed  34  individuals  on 
nests  24  April  and  42-50  birds  1,  7,  14,  and 
21  May  1982  (Fig.  2). 

Ciconiiformes 

Ardeidae 

Least  Bittern  {Ixobrychus  exilis).  One  seen 
at  ONWR  by  T.  Tornow  (pers.  comm.)  in  the 
spring  of  1979  and  1981  and  by  H.  G.  Troes- 
ter  (pers.  comm.)  in  summer  1982.  The  spe- 
cies was  also  observed  by  M.  Bromley  at  Jen- 
sen (presumably  at  SLWMA)  in  May  1983 
(Kingery  1983). 


Great  Egret  {Casmerodius  albus).  Seen  in 
the  Jensen  area  in  May  and  September 
(Twomey  1942,  D.  Chure,  in  htt.).  D.  Chure 
and  L.  Ferris  (pers.  comm.)  observed  one  bird 
at  the  pond  1  km  west  of  Pelican  Lake  25 
April  1981.  I  saw  one  individual  1  May  1982 
approximately  30  m  away  from  a  Great  Blue 
Heron  at  the  northwest  end  of  the  pond  1  km 
west  of  Pelican  Lake  (Figs.  1-2). 

Little  Blue  Heron  {Egretta  caerulea).  Seen 
at  ONWR  in  May  1981  (H.  G.  Troester,  pers. 
comm.). 

Cattle  Egret  {Bubulcus  ibis).  H.  G.  Troes- 
ter (pers.  comm.,  Behle  1981)  observed  one 
along  Ashley  Creek  about  3  km  northwest  of 
Vernal  1  November  1978.  It  was  also  seen  in 
the  Vernal  area  in  spring  1981  (Kingery 
1981c).  I  observed  two  at  and  near  the  diked 
marsh  located  at  the  northwest  end  of  Peli- 
can Lake  and  17  in  a  pasture  at  site  4  (Figs. 
1-2). 

Green-backed  Heron  {Biitorides  striatus). 
Sighted  in  fall  1978  (Kingery  1979a,  Behle 
1981)  and  observed  at  ONWR  in  spring  1981 
(H.  Troester,  pers.  comm.).  Both  adults  and 
immatures  were  observed  there  24  July  1981 
(T.  Tornow,  pers.  comm.).  I  saw  one  at 
Woods  Bottom  Pond  of  ONWR  (Figs.  1-2). 

Threskiornithidae 

White-faced  Ibis  {Plegadis  chihi).  At 
ONWR,  50  nests  were  found  in  1979,  160 
birds  were  seen  12-14  May  1981,  and  31 
birds  were  observed  23-24  July  1981  (T.  Tor- 
now, pers.  comm.).  In  both  1980  and  1981,  it 
appeared  to  nest  at  ONWR  (T.  Tornow,  pers. 
comm.).  I  sighted  it  on  21  different  days  (Fig. 
2). 

Anseriformes 

Anatidae 

Greater  White-fronted  Goose  (Anser  albi- 
frons).  I  observed  one  at  ONWR  with  a  flock 
of  Canada  Geese  {Branta  canadensis)  24  May 
1978  (Fig.  2). 

Snow  Goose  {Chen  caerulescens).  Seen  at 
Stewart  Lake  28  October  1957  (Hayward 
1967),  PWA  in  mid-November  (D.  Zalu- 
nardo, pers.  comm.),  ONWR  21  May  1966 
(Behle  1981)  and  November  1982  when  9 
were  sighted  (H.  G.  Troester,  pers.  comm,), 
and  at  Pelican  Lake   14  March   1975  (17 


594 


Great  Basin  Naturalist 


Vol.  44,  No.  4 


birds-Sangster  1977)  and  16  December  1981 
(1  bird-Fig.  2). 

Ross'  Goose  {Chen  rossii).  Reportedly  ob- 
served at  ONWR  in  spring  1981  (T.  Tornow, 
pers.  comm.). 

Wood  Duck  {Aix  sponsa).  T.  Tornow  (pers. 
comm.)  observed  it  at  ONWR  7  October 
1980.  At  PWA,  a  male  was  seen  15  October 
1981  and  a  female  was  observed  during  the 
first  week  of  November  1981  (K.  L.  Parr  and 
D.  Zalunardo,  pers.  comm.).  H.  G.  Vickers, 
an  associate  of  the  author,  observed  one  in 
the  marsh  at  the  southeast  end  of  Pelican 
Lake  6  April  1982  (Fig.  2).  R.  Sjostrom  (M. 
Lange,  pers.  comm.)  saw  three  individuals  in 
early  October  1982. 

Green-winged  Teal  {Anas  crecca).  Re- 
garded by  Behle  (1981)  as  an  uncommon 
summer  resident  and  an  occasional  winter 
visitant  in  northeastern  Utah.  It  is  now  a 
common  migrant  and  spring,  summer,  and 
fall  resident  (a  species  was  considered  to  be  a 
fall  resident  when  it  was  sighted  from  late 
September  through  most  or  all  of  November) 
in  Uintah  County  (Fig.  2). 

The  Mallard  {Anas  platyrhynchos).  North- 
em  Pintail  {Anas  acuta),  and  Gadwall  {Anas 
stepera)  are  presently  abundant  in  Uintah 
County  (Fig.  2)  and  are  more  plentiful  now 
than  in  1937  (Twomey  1942)  due  to  the  es- 
tablishment of  Pelican  Lake  and  the  marshes 
at  ONWR  and  PWA.  Northern  Pintails  and 
Gadwalls  are  common  nesters  at  PWA  (D. 
Zalundardo,  pers.  comm.).  Gadwalls  have  not 
been  seen  in  Uintah  County  in  January  and 
February,  but  Killpack  (1959)  observed  four 
on  29  December  1958.  I  did  not  see  Northern 
Pintails  from  16  December  to  19  February 
(Fig.  2). 

Blue-winged  Teal  {Anas  discors).  Consid- 
ered by  Behle  (1981)  to  be  uncommon  breed- 
ers in  northeastern  Utah.  They  are  presently 
common  spring  and  summer  residents  and 
migrants  in  Uintah  County  (Fig.  2). 

Cinnamon  Teal  {Anas  cyanoptera).  Pres- 
ently a  common  spring  and  summer  resident 
and  migrant  in  Uintah  County  (Fig.  2). 

Eurasian  Wigeon  {Anas  penelope).  One  ob- 
served at  PWA  in  April  1979  (D.  Zalundardo, 
pers.  comm.). 

American  Wigeon  {Anas  americana).  Con- 
sidered to  be  rare  in  northern  Utah  (Behle 
and  Perry  1975a)  and  less  than  common  (oc- 
casional breeder)  in  northeastern  Utah  (Behle 


1981)  during  summer.  I  found  it  to  be  a  com- 
mon migrant  and  spring,  summer,  and  fall 
resident  in  Uintah  County  (Fig.  2). 

Canvasback  {Aythya  valisineria).  Although 
previously  reported  as  uncommon  (Hayward 
1967,  Behle  and  Perry  1975a,  Behle  1981), 
Canvasbacks  are  now  common  migrants  and 
winter  residents  (Fig.  2).  A  Canvasback  brood 
of  two  was  seen  at  ONWR  in  1980  and  a  hen 
was  observed  there  16  July  1981  (T.  Tornow, 
pers.  comm.). 

Redhead  {Aythya  americana).  Although 
formerly  considered  a  hypothetical  breeder 
(Hayward  1967,  Behle  1981),  it  is  now  abun- 
dant in  Uintah  County  except  in  winter  (Fig. 

2). 

Ring-necked  Duck  {Aythya  collaris).  Con- 
sidered to  be  a  casual  (Hayward  et  al.  1976) 
or  uncommon  (Behle  and  Perry  1975a)  mi- 
grant, occasional  winter  visitant  (Behle  and 
Perry  1975a),  and  rare  summer  resident 
(Hayward  et  al.  1976)  in  Utah.  In  Colorado, 
the  species  is  a  regular  migrant  and  an  un- 
common summer  resident  (Bailey  and  Nie- 
drach  1965).  Ring-necked  Ducks,  now  com- 
mon, arrive  in  Uintah  County  at  about  the 
same  time  that  Common  Goldeneyes  do  in 
fall  but  remain  there  longer  in  spring  (Fig.  2). 
They  are  most  prevalent  from  March  to  May. 
In  1981  at  the  west  pond  of  ONWR,  T.  Tor- 
now (pers.  comm.)  saw  a  male  23  July  and  I 
observed  one  18  August  (Fig.  2). 

Lesser  Scaup  {Aythya  af finis).  Regarded  as 
rare  (Behle  and  Perry  1975a)  or  uncommon 
(Hayward  et  al.  1976)  breeders  in  northern 
Utah  or  nonbreeders  in  northeastern  Utah 
(Behle  1981).  It  nested  at  ONWR  in  1979  and 
1980  (T.  Tornow,  pers.  comm.)  and  at  PWA 
in  July  1981.  At  Pelican  Lake,  it  is  common 
in  spring  and  scarce  in  fall  (Fig.  2). 

Common  Goldeneye  {Bucephala  clangula). 
Regarded  by  Behle  and  Perry  (1975a)  and 
Behle  (1981)  as  an  uncommon  migrant  and 
winter  visitant  in  Utah  and  northeastern 
Utah,  respectively.  It  is  a  common  winter 
resident  (Fig.  2). 

Barrow's  Goldeneye  {Bucephala  islandica). 
A  male  was  reported  by  J.  M.  Good  (Beidle- 
man,  in  litt.)  at  the  bend  of  the  Green  River 
northeast  of  Escalante's  Crossing  near  the 
southwest  entrance  to  Dinosaur  National 
Monument  29  February  1956. 

Bufflehead  {Bucephala  alheola).  Consid- 
ered to  be  an  uncommon  migrant  but  not 
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winter  resident  in  northeastern  Utah  (Behle 
1981).  In  Uintah  County,  it  is  now  also  a 
common  winter  resident  and  is  more  fre- 
quently seen  in  spring  than  fall  (Fig.  2). 

Hooded  Merganser  {Lophodytes  cucul- 
latiis).  A  male  and  female  were  seen  at 
ONWR  6  March  1981  (T.  Tornow,  pers. 
comm.).  The  species  was  reported  at  PWA  in 
spring  1981  (K.  L.  Parr,  pers.  comm.).  I  ob- 
served several  on  a  stream  in  SLWMA  6  Jan- 
uary 1982  (Fig.  2). 

Common  Merganser  {Mergus  merganser). 
Twomey's  (1942)  study  extended  from  1  May 
to  30  September  1937  and  he  did  not  see  the 
species  in  Uintah  County.  Sightings  there  are 
from  February  to  the  first  week  of  June  1966, 
1967,  1975,  1976,  1980,  and  1982  (Anony- 
mous 1977,  Sangster  1977,  Behle  1981,  Lep- 
pert  1982,  T.  Tornow,  pers.  comm.).  In  the 
Roosevelt  area  (including  part  of  western 
Uintah  County),  Common  Mergansers  were 
seen  in  December  1953,  1954,  and  1956-58 
(Crittenden  et  al.  1955,  Killpack  1957,  1958, 
1959,  Killpack  et  al.  1954).  In  the  Jensen 
area,  13  were  seen  26  December  1982  (D. 
Chure  and  L.  Ferris,  pers.  comm.).  I  observed 
the  species  every  month  except  June  and 
September  (Fig.  2)  and  saw  large  flocks  on 
Pelican  Lake  in  winter,  particularly  in 
March.  It  is  a  common  permanent  resident 
(Fig.  2). 

Red-breasted  Merganser  {Mergus  serrator). 
Frequented  the  Green  River  floodplain  in 
early  May  and  late  September  1937,  when 
one  to  five  individuals  were  observed  feeding 
on  that  river  or  Stewart  Lake  nearly  every 
day  (Twomey  1942).  Since  then,  it  has  been 
less  common.  Hay  ward  (1967)  observed  it  on 
Green  River  near  Ouray  18  May  1958.  S. 
Madsen  (pers.  comm.)  saw  three  males  and 
two  females  at  Bottle  Hollow  Resort  19  April 
1980.  Tlie  species  was  seen  at  PWA  in  spring 
1981  (D.  Zalunardo  and  K.  L.  Parr,  pers. 
comm.)  and  at  Pelican  Lake  16  December 
1981  (Fig.  2).  T.  Tornow  (pers.  comm.)  ob- 
served it  at  the  pond  near  the  west  entrance 
to  ONWR  in  spring  1982. 

Ruddy  Duck  {Oxyura  jarnaicensis).  Al- 
though considered  a  common  migrant  and 
rare  winter  resident  in  northeastern  Utah 
(Behle  1981),  I  observed  it  throughout  the 
summer  (Fig.  2)  and  sighted  young  at  Pelican 
Lake  16  July  1981.  The  latest  sighting  in  Uin- 
tah County  or  eastern  Duchesne  County  dur- 


ing winter  was  29  December  (Killpack  et  al. 
1956).  The  species  is  a  common  spring,  sum- 
mer, and  fall  resident  (Fig.  2). 

Falconiformes 

Accipitridae 

Osprey  (Pandion  haliaetus).  One  bird  was 
sighted  at  SLWMA  1  km  beyond  its  entrance 
28  April  1975  by  S.  Baese,  R.  King,  and  B. 
King  (D.  Chure,  in  litt.).  According  to  D.  B. 
Beard  (Beidleman,  in  litt.).  Ranger  Baldwin  of 
Dinosaur  National  Monument  observed  Os- 
preys  nesting  at  Split  Mountain  (probably  not 
in  the  desert  region  of  Uintah  County)  about 
1936-1937.  Twice  I  saw  one  in  a  Cottonwood 
tree  southwest  of  Pelican  Lake  (Fig.  2).  Per- 
haps that  was  the  bird  seen  at  the  pond  1  km 
west  of  Pelican  Lake  1  May  1982  by  D. 
Chure,  L.  Ferris,  M.  Lange,  and  N.  Howk  (D. 
Chure,  pers.  comm.).  The  above  sightings 
may  have  been  of  birds  that  breed  at  Flaming 
Gorge  Reservoir,  where  there  were  six  nest- 
ing pairs  in  1979  and  1980  according  to  P. 
Wagner  (Kingery  1980b).  Other  sightings 
have  been  reported  by  Twomey  (1942),  Hay- 
ward  (1967),  and  Behle  (1981). 

Bald  Eagle  {Haliaeetus  leucocephalus).  In 
Uintah  County,  more  than  21  sightings  were 
made  from  27  November  to  26  February 
1954,  1966,  1967,  1974,  1975,  1977,  and  1982 
(Behle  and  Perry  1975b,  Behle  1981,  D. 
Chure  and  L.  Ferris,  pers.  comm.).  I  observed 
it  on  38  different  days  (Fig.  2).  In  early  Janu- 
ary, personnel  of  the  U.S.  Department  of  In- 
terior, Bureau  of  Land  Management,  flew 
over  the  Green  River  from  Split  Mountain, 
Dinosaur  National  Monument,  to  Sand  Wash 
(in  Uintah  and  western  Duchesne  counties) 
and  counted  22  birds  in  1980,  33  in  1981,  and 
45  in  1982  (S.  Madsen,  pers.  comm.).  At 
ONWR,  52  were  seen  at  Woods  Bottom  in 
February  1982  (T.  Tornow,  pers.  comm.) 
and/or  7  March  1982  (M.  Lange,  pers. 
comm.). 

Northern  Harrier  {Circus  cyaneus).  Hay- 
ward  et  al.  (1976)  noted  that  few  remain  in 
lower  valleys  of  Utah  in  winter.  In  Uintah 
County  I  observed  as  many  in  winter  as  in 
summer  (Fig.  2).  Many  other  winter  observa- 
tions have  been  made  there  (Crittenden  et  al. 
1953,  1955,  Killpack  1957,  1958,  1959,  Kill- 
pack  et  al.  1952,  1954,  1956,  Behle  1981). 
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Sharp-shinned  Hawk  {Accipiter  striatiis). 
Considered  by  Behle  and  Perry  (1975a),  Hay- 
ward  et  al.  (1976),  Behle  (1981),  and  Twomey 
(1942)  to  be  common  in  desert-riparian  habi- 
tat as  well  as  montane  forests  in  Utah.  In  Col- 
orado, it  is  reportedly  imcommon  (Bailey  and 
Niedrach  1965).  I  did  not  observe  it.  In  what 
was  possibly  the  desert  region  of  Dinosaur 
National  Monument,  one  was  seen  south  of 
Josie  Morris  Cabin  by  B.  Ingber  9  July  1980, 
in  the  "Frontier  Formation"  by  J.  Freilich  13 
September  1978,  in  Orchid  Draw  west  of  Di- 
nosaur Quarry  Visitor  Center  by  W.  Trues- 
dell  10  September  1973,  and  "Shinarrump 
Hogback"  200  m  west  of  Split  Mountain 
Campground  by  D.  Thompson  10  January 
1966  (D.  Chure,  in  litt.).  One  was  seen  at  the 
Jensen  refuse  site  by  D.  Chure  and  L.  Ferris 
(pers.  comm.)  28  November  1982. 

Cooper's  Hawk  {Accipiter  cooperii).  In  the 
desert  region  of  Uintah  County,  it  has  been 
seen  on  at  least  29  occasions  from  12  April  to 
31  [sic]  September  1948,  1966,  1971,  1974, 
1975,  and  1978-1982  (Behle  and  Perry 
1975b,  Behle  1981,  Leppert  1982,  D.  Chure, 
in  litt.,  Fig.  2),  but  20  of  those  observations 
occurred  in  or  adjacent  to  Dinosaur  National 
Monument  (D.  Chure,  in  litt.,  Fig.  2).  It  nest- 
ed along  White  River  in  1975  (Behle  1981) 
and  400  m  from  the  Dinosaur  Quarry  Visitor 
Center  in  1981  and  1982  (D.  Chure  and  L. 
Ferris,  pers.  comm.).  Presently  two  nests  oc- 
cur at  T3S,  R20E,  T3S,  R21E,  and  T3S,  R25E 
and  one  each  at  T3S,  R23E,  T3S,  22E,  T2S, 
R22E,  T4S,  R22E,  TIOS,  R24E,  and  T9S, 
R26E  (J.  S.  Cranney,  pers.  comm.). 

Northern  Goshawk  {Accipiter  gentilis).  One 
seen  along  Seep  Ridge  Road  32  km  south  of 
Ouray  29  September  1974  (Behle  1981).  I  ob- 
served one  on  a  bluff  in  badlands  near  Sand 
Wash  at  site  10  (Figs.  1-2).  D.  Chure  and  L. 
Ferris  (pers.  comm.)  observed  another  at  Jen- 
sen 16  December  1980.  The  species  was  seen 
at  PWA  11  and  19  February  1981  (D.  Zalu- 
nardo  and  K.  L.  Parr,  pers.  comm.).  M.  Hor- 
ton  and  S.  Madsen  (S.  Madsen,  pers.  comm.) 
saw  one  in  cottonwoods  along  Deep  Creek 
approximately  1.5  km  north  of  Lapoint  (pos- 
sibly in  the  desert  region  of  Uintah  County) 
10  December  1981.  Utah  Field  Ornithologists 
sighted  one  at  Josie  Morris  Cabin,  Dinosaur 
National  Monument  15  May  1982  (Leppert 
1982).  In  Uintah  County,  it  has  not  been  ob- 
served to  nest  in  valleys  (J.  S.  Cranney,  in 


litt.)  as  it  did  on  a  Yampa  River  floodplain  in 
Moffat  County,  Colorado,  800  m  east  of  the 
eastern  boundary  of  Dinosaur  National  Park 
(White  et  al.  1965). 

Broad-winged  Hawk  {Buteo  platypterns). 
Reported  at  "Dinosaur,  Utah"  (presumably 
Dinosaur  National  Monument,  Utah)  be- 
tween 1  March  and  31  May  1982  by  J.  Burns 
and  M.  Webb  (Kingery  1982).  Utah  Field  Or- 
nithologists saw  one  immature  at  Josie  Morris 
Cabin,  Dinosaur  National  Monument,  15 
May  1982  (Leppert  1982),  not  5  May  1982  as 
reported  by  White  et  al.  (1983).  Nine  Utah 
sightings  have  been  reported  (Kingery  1983). 

Swainson's  Hawk  {Buteo  swainsoni).  Re- 
ported to  be  present  in  Utah  from  22  March 
to  10  November  (Behle  and  Perry  1975a),  oc- 
casional in  Utah  during  winter  (Hayward  et 
al.  1976),  or  rare  in  the  Uinta  Basin  then 
(Behle  1981).  It  is  the  most  abundant  buteo  in 
Colorado,  where  it  is  common  in  summer, 
abundant  in  migration,  and  rare  in  winter 
(Bailey  and  Niedrach  1965). 

In  Dinosaur  National  Monument,  one  was 
observed  by  E.  Sorenson  and  R.  Sorenson  21 
February  1981  (Kingery  1981b),  at  a  pump 
immediately  southwest  of  Josie  Morris  Cabin 
by  B.  Ingber  11  June  1980  (D.  Chure,  in  litt.), 
and  at  Green  River  Campground  by  N. 
Stephan  21  August  1973  (D.  Chure,  in  litt.). 
Crittenden  et  al.  (1953)  saw  one  in  the  Roose- 
velt area  (including  part  of  western  Uintah 
County)  23  December  1952.  The  species  was 
observed  at  Dragon  (possibly  in  the  desert  re- 
gion of  Uintah  County)  4  September  1974 
(Behle  1981).  I  observed  one  immature  and 
one  adult  near  Pelican  Lake,  one  adult  in 
Vernal  and  at  site  4,  and  a  flock  of  4  in  desert 
scrub  habitat  at  39°59'N,  109°30'W  near  the 
western  end  of  the  major  road  at  site  10 
(Figs.  1-2).  Utah  Field  Ornithologists  sighted 
2  at  Pelican  Lake  and  11  in  the  Ouray  area 
15-16  May  1982  (Leppert  1982,  D.  Chure, 
pers.  comm.).  Two  nests  were  found  at  T7S, 
R25E,  Sec.  21  (J.  S.  Cranney,  pers.  comm.). 
The  species'  numbers  have  apparently  de- 
clined since  1937  (Twomey  1942). 

Ferruginous  Hawk  {Buteo  regalis).  Report- 
ed as  rare  (Behle  and  Perry  1975a)  or  seldom 
seen  (Hayward  et  al.  1976)  in  Utah  during 
winter.  In  an  area  including  part  of  western 
Uintah  County,  one  was  seen  in  late  Decem- 
ber 1951-1953  and  1958  (Crittenden  et  al. 
1953,  Killpack   1959,  Killpack  et  al.   1952, 
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1954).  At  ONWR,  M.  Lange  (pers.  comm.) 
saw  one  several  times  throughout  the  winter 
of  1981-1982  and  Utah  Field  Ornithologists 
sighted  a  raptor  they  believed  was  a  Ferru- 
ginous Hawk  15  or  16  May  1982  (Leppert 
1982,  M.  Lange,  pers.  comm.).  W.  H.  Dines 
(D.  Chure,  in  litt.)  observed  one  near  the  Es- 
calante  Ranch  House  south  of  southwestern 
Dinosaur  National  Monument  31  July  1981. 
J.  Metz  and  I  sighted  one  along  a  road  1.5  km 
southwest  of  MFB  (site  9)  9  September  1981 
(Figs.  1-2).  Ferruginous  Hawks  are  believed 
to  nest  at  PWA,  where  they  were  observed 
during  the  nonbreeding  season  from  early 
November  1980  to  6  January  1981  (D.  Zalu- 
nardo  and  K.  L.  Parr,  pers.  comm.).  In  1981 
and  1982,  personnel  with  the  Utah  Division 
of  Wildlife  Resources  (J.  S.  Cranney,  pers. 
comm.)  found  14  nests  3.0-14.5  km  west  of 
the  Utah-Colorado  border  (40°06  to  09'N, 
109°05  to  13'  W).  Three  of  them  were  active 
in  both  1981,  and  four  (not  necessarily  the 
same  ones)  were  active  in  1982  (J.  S. 
Cranney,  pers.  comm.).  The  present  distribu- 
tion of  the  species  in  Uintah  County  is  local- 
ized. During  a  two-hour  period  on  5  May 
1937,  Twomey  (1942)  observed  40  birds 
spaced  approximately  1.0-1.5  km  apart  fly- 
ing northward  over  Green  River  near  what  is 
now  SLWMA. 

Falconidae 

Merlin  {Falco  columharius).  The  species 
was  seen  in  May  and  September  1937 
(Twomey  1942)  and  September  1974  (Behle 
1974).  In  an  area  including  part  of  western 
Uintah  County,  two  were  sighted  29  Decem- 
ber in  1954  (Crittenden  et  al.  1955)  and  1955 
(Killpack  et  al.  1956).  I  observed  one  flying 
over  desert  habitat  in  the  vicinity  of  site  10 
(Figs.  1-2).  The  species  was  more  common  in 
1937  (Twomey  1942). 

Peregrine  Falcon  (Falco  peregrinus).  Ap- 
parently less  common  (Fig.  2)  than  in  1937 
(Twomey  1942).  G.  L.  Richards  observed  a 
pair  at  what  is  now  SLWMA  in  1961  (Porter 
and  White  1973),  where  Twomey  (1942)  saw 
the  species.  One  was  observed  on  three  occa- 
sions in  early  May  1975  400  m  north  of  Ig- 
natio  Stage  Stop  at  TIOS,  R24E,  Sec.  2  (Behle 
1981).  At  ONWR,  Peregrine  Falcons  were 
observed  eating  a  Green-winged  Teal  6  April 
1981   (M.   Lange,   pers.  comm.)  and  Red- 


winged  Blackbirds  24  March  1982  (M.  Lange 
and  T.  Tornow,  pers.  comm.).  I  saw  an  imma- 
ture at  39°59'N,  109°31'W  when  the  Desert 
Cottontail  population  in  Uintah  County  was 
dense  (unpubl.  data).  The  bird  flew  away 
with  a  Desert  Cottontail  hanging  from  its  tal- 
ons. After  flying  about  30  m,  the  falcon 
alighted  and  allowed  me  to  approach  within 
40  m  of  it.  After  remaining  at  one  spot  for 
about  7  min,  it  took  off  again.  Peregrine  Fal- 
cons seldom  prey  on  mammals,  although  re- 
mains of  hares,  squirrels,  and  field  mice  have 
been  seen  near  their  nests  (Bent  1961).  A  Per- 
egrine Falcon  seen  by  E.  C.  Peck  and  J.  Gas- 
kill  in  montane  habitat  400  m  southeast  of 
Pine  Spring,  Uintah  County  10  July  1966  was 
carrying  a  small  jackrabbit  (Behle  1981). 

Galliformes 

Phasianidae 

Chukar  (Alectoris  chukar).  Behle  and  Perry 
(1975b)  and  Behle  (1981)  noted  that  it  is  a 
common  permanent  resident  in  the  oil  shale 
area  of  Uintah  County  and  northeastern 
Utah,  respectively.  However,  the  only  re- 
cords reported  by  Behle  (1981)  indicating 
that  it  occurred  in  what  is  possibly  the  desert 
region  of  Uintah  County  were  of  a  flock  of 
20  and  the  collection  of  one  specimen  along 
Hill  Creek  32-37  km  south  of  Ouray  23  July 
1966.  Few  observations  of  the  species  have 
been  made  in  lowlands  since.  In  Dinosaur 
National  Monument,  E.  G.  Goick  saw  35 
Chukars  25  January  1962  and  the  species  in 
February  1965;  J.  W.  Todd  observed  2  birds 
28  April  1963;  S.  Chalkley  observed  it  16 
June  1975;  D.  C.  Thompson  sighted  3  birds 
24  July  1963  and  the  species  1  October  1963 
(D.  Chure,  in  litt.). 

From  1952  to  1966,  3005  Chukars  were  re- 
leased at  three  sites,  including  Bitter  Creek 
(Olsen  1973).  They  extended  their  range  for 
several  years  and  then  declined  in  abundance 
(Olsen  1973).  From  1977  to  1982,  I  observed 
none  until  shortly  after  many  were  stocked 
along  Bitter  Creek  in  1981  by  the  Utah  De- 
partment of  Natural  Resources,  Division  of 
Wildlife  Resources.  Three  groups  comprising 
about  70  tame  individuals  were  observed 
near  Bitter  Creek  between  5  and  12  km  south 
of  its  confluence  with  White  River  (Figs. 
1-2). 
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Sage  Grouse  (Centrocercus  nwphosianus). 
Three  of  the  four  leks  that  Olsen  (1973)  ob- 
served were  apparently  at  least  partially  in 
desert  habitat.  Twomey  (1942)  saw  the  spe- 
cies only  in  mountains.  L.  Caterling  (D. 
Chure,  in  litt.)  observed  two  adults  and  four 
chicks  one- third  grown  at  or  near  the  D. 
Chew  Ranch  south  of  southwestern  Dinosaur 
National  Monument  (Fig.  1)  17  July  1965.  I 
observed  several  birds  along  Road  I  in  a 
greasewood  stand  near  Willow  Creek  (Figs. 
1-2).  In  1982,  personnel  with  the  Utah  De- 
partment of  Natural  Resources,  Division  of 
Wildlife  Resources,  located  one  lek  on  Dead- 
man  Bench  east  of  Red  Wash  and  another  on 
East  Bench  southeast  of  Ouray  (S.  Madsen, 
pers.  comm.).  Two  active  leks  possibly  occur- 
ring in  the  desert  region  of  Uintah  County 
exist  in  Twelve-mile  Wash  north  of  U.S. 
Highway  40  and  close  to  a  seismological  sta- 
tion near  Asphalt  Ridge  (D.  Zalunardo,  pers. 
comm.). 

California  Quail  {Callipepla  californica). 
Introduced  into  the  Uinta  Basin  about  1914 
(Twomey  1942)  and  considered  by  Behle  and 
Perry  (1975a)  and  Hay  ward  et  al.  (1976)  to 
be  well  established  in  northern  Utah.  It  was 
common  in  1937  (Twomey  1942).  A  speci- 
men was  collected  approximately  1.5  km 
south  of  Fort  Duchesne  19  June  1966  (Behle 
1981).  I  observed  it  only  three  times,  twice 
along  roads  near  agricultural  land  in  Ashley 
Valley  (at  the  intersection  of  1500  North  and 
1500  East  and  on  500  East  at  about  1000 
South)  and  once  50  m  southeast  of  the  Green 
River  bridge  at  Ouray  (Figs.  1-2).  Twomey 
(1942)  remarked  that  severe  winters  with 
heavy  snowfall  are  detrimental  to  the  quail. 
Perhaps,  they  were  more  common  in  1937 
than  at  present  in  Uintah  County  because  of 
several  years  of  mild  or  moderate  winters  pri- 
or to  1937. 

Gruiformes 

Rallidae 

Virginia  Rail  {Rallus  limicola).  A.  C.  Lloyd 
(Twomey  1942)  regarded  it  as  common  at 
what  is  now  SLWMA  in  1934  and  1935  and 
collected  a  juvenile  male  there  on  9  August 
1934.  Twomey  (1942)  saw  individuals  along 
the  west  border  of  Ashley  Creek  marshes 
(SLWMA)  in  July  and  the  last  week  of  Sep- 
tember 1937  and  collected  four.  Only  one 


sighting  in  what  was  possibly  Uintah  County 
has  been  recorded  since  1937  (Killpack  1957). 
Using  electronic  recordings  of  the  vocaliza- 
tions of  Virginia  Rails,  a  member  of  Utah 
Field  Ornithologists  attracted  two  within 
view  at  ONWR  15  or  16  May  1982  when  M. 
Lange  heard  many  (M.  Lange,  pers.  comm., 
Leppert  1982).  The  species  was  observed  at 
PWA  19  May  1982  (S.  Madsen,  pers.  comm.). 
Sora  (Porzana  Carolina).  Uncommon  in 
1937  (Twomey  1942)  and  only  one  has  been 
reported  in  published  works  since  (Behle 
1981).  Utah  Field  Ornithologists  sighted 
three  15-16  May  1982  at  ONWR  (Leppert 
1982),  where  several  nests  were  found  in 

1981  and  1982  (T.  Tornow,  pers.  comm.).  In 
spring  1982,  a  dead  bird  was  found  at 
ONWR,  where  it  is  preserved  (M.  Lange, 
pers.  comm.).  I  heard  the  Sora  at  ONWR  and 
on  several  occasions  at  a  small  marsh  at  site  4 
(Figs.  1-2). 

Common  Moorhen  {Gallinula  chloropus). 
One  observed  at  ONWR  24  May  1967  by  E. 
C.  Peck  and  associates  (Behle  1981),  10-11 
May  1977  by  ONWR  personnel  (Behle  1981), 
in  1981  by  T.  Tornow  (pers.  comm.),  and  1 
May  1982  by  D.  Chure,  M.  Lange,  L.  Ferris, 
and  N.  Howk  (M.  Lange,  pers.  comm.). 

Gniidae 

Sandhill  Crane  {Griis  canadensis).  J.  Metz 
saw  one  at  SLWMA  unusually  early  20  Feb- 
ruary in  1981,  and  I  observed  a  flock  over 
site  4  3  June  1982,  long  after  most  members 
of  the  species  had  left  Uintah  County  (Figs. 
1-2). 

Whooping  Crane  {Grus  americana).  As 
many  as  four  birds  were  seen  at  ONWR  or 
SLWMA  until  6  October  in  1976  and  "all 
summer"  in  1977  (Kingery  1976,  Behle  1981). 
I  observed  one  11  October  1978  flying 
among  a  flock  of  about  70  south-bound  Sand- 
hill Cranes  above  the  confluence  of  Bitter 
Creek  and  White  River  (Figs.  1-2).  On  15 
February  1981,  J.  Metz,  an  associate  of  the 
author,  and  C.  Metz  observed  one  at 
SLWMA  (Kingery  1981b,  Fig.  2)  before  the 
major  migratory  flock  of  Sandhill  Cranes  ar- 
rived in  early  April.  At  ONWR,  one  was  seen 
by  M.  Lange  on  5  October  1982  and  by  M. 
Lange,   R.   Clemens,   and   others  6  October 

1982  (M.  Lange,  pers.  comm.).  H.  G.  Troester 
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and  M.  Lange  (pers.  comm.)  sighted  an  im- 
mature with  an  attached  radio  transmitter 
there  9  October  1982.  At  or  near  SLWMA, 
personnel  of  the  Utah  Department  of  Natural 
Resources,  Division  of  Wildlife  Resources, 
saw  single  individuals  in  1981  and  1982,  and 
D.  L.  Shirley  and  G.  M.  Webb  sighted  one 
adult  and  one  immature  in  a  flock  of  approx- 
imately 400  Sandhill  Cranes  13  April  1983 
(White  et  al.  1983). 

Cliaradriidae 

Black-bellied  Plover  (Phwialis  squatarola). 
Hayward  (1966)  stated  that  it  is  a  "consistent 
and  fairly  common"  migrant  at  Pelican  Lake 
where  he  saw  as  many  as  30  birds.  Four  spec- 
imens in  the  Brigham  Young  University  avian 
collection  were  taken  at  Pelican  Lake  13 
May  1961,  18  May  1963,  2  June  1964,  and  23 
September  1961  (Hayward  1966,  1967).  The 
species  has  not  been  reported  since  1964.  J. 
Metz  and  I  saw  a  flock  near  the  east  shore  of 
Pelican  Lake  and  I  saw  one  on  the  west  side 
of  the  diked  marsh  at  the  northwest  end  of 
Pelican  Lake  (Figs.  1-2).  Utah  Field  Ornitho- 
logists observed  2  at  Pelican  Lake  15-16  May 
1982  (Leppert  1982). 

Lesser  Golden  Plover  {Phwialis  dominica). 
Twomey  (1942)  saw  a  flock  of  46  in  a  plowed 
field  south  of  Jensen  2  May  1937  and  over 
what  is  now  SLWMA  6  May  1937.  One  fe- 
male was  collected  from  a  flock  at  Pelican 
Lake  by  Hayward  (1966,  1967)  23  September 
1961.  C.  Vigos,  a  consultant  to  Tosco  Corpo- 
ration, reported  it  29-30  April  1976,  and  I 
observed  it  at  Pelican  Lake  27  April  1981 
(Fig.  2). 

Snowy  Plover  {Charadrius  alexandrinus). 
Hayward  (1967)  observed  a  small  flock  at 
Pelican  Lake  18  May  1963  and  S.  Hedges,  R. 
Sorenson,  and  E.  Sorenson  saw  four  near 
Randlett  (presumably  at  or  near  Pelican 
Lake)  2  May  1981  (Kingery  1981c).  Utah 
Field  Ornithologists  saw  two  at  Pelican  Lake 
15  or  16  May  1982  (Leppert  1982). 

Semipalmated  Plover  {Charadrius  semi- 
pahnatus).  During  "early  May  and  Septem- 
ber" of  1937,  Twomey  (1942)  frequently  ob- 
served two  to  five  along  sand  bars  of  Green 
River  and  at  the  confluence  of  Green  and 
White  Rivers.  Behle  (1981)  did  not  see  it.  The 
Brigham  Young  University  avian  collection 
includes  two  specimens  collected  at  Pelican 


Lake  23  September  1961  and  29  September 
1962  (Hayward  1967).  Utah  Field  Ornithol- 
ogists reported  seeing  two  at  Pelican  Lake 
15-16  May  1982  (Leppert  1982). 

Killdeer  {Charadrius  vociferus).  I  did  not 
observe  it  between  16  December  and  24  Feb- 
ruary (Fig.  2)  but  in  an  area  including  west- 
ern Uintah  County,  it  was  seen  in  late  De- 
cember 1952  and  1954-1958  (Crittenden 
1953,  1955,  Killpack  1957,  1958,  1959,  Kill- 
pack  et  al.  1956). 

Mountain  Plover  {Charadrius  montanus). 
B.  H.  Green  and  A.  R.  Johnson  saw  it  at  Ken- 
nedy Basin  (40°05'N,  109°17'W)  18  km 
northwest  of  Bonanza  9  May-20  June  1979 
and  also  east  of  Bonanza  (White  et  al.  1983). 

Recurvirostridae 

The  Black-necked  Stilt  {Himantopus  mexi- 
canus)  and  American  Avocet  {Recurvirostra 
americana)  have  become  more  numerous 
(Fig.  2)  in  Uintah  County  since  1937 
(Twomey  1942)  due  to  the  establishment  of 
Pelican  Lake  and  the  marshes  and  ponds  at 
ONWR  and  PWA. 

Scolopacidae 

Greater  Yellowlegs  {Tringa  melanoleuca). 
Considered  by  Behle  (1981)  to  be  common 
migrants  in  northeastern  Utah.  Based  on  my 
observations  of  them  at  Pelican  Lake,  Woods 
Bottom  of  ONWR,  and  SLWMA  (Fig.  2), 
they  are  uncommon.  Since  1937  (Twomey 
1942),  they  have  also  been  observed  in  Uin- 
tah County  in  April,  15  May,  and  22  July  to  4 
September  during  1966,  1967,  and  1980 
(Anonymous  1977,  Hayward  1967,  Behle 
1981,  D.  Chure,  in  litt.).  At  ONWR,  12  were 
observed  22-24  June  1981  (T.  Tornow,  pers. 
comm.),  when  the  species  is  known  to  breed 
in  Canada  and  Alaska  (Bent  1962c),  so  the 
members  of  the  flock  were  apparently  non- 
breeding  summer  residents. 

Lesser  Yellowlegs  {Tringa  flavipes).  Evi- 
dently not  as  common  now  (Fig.  2)  as  in  1937 
(Twomey  1942).  Other  sightings  in  Uintah 
County  were  made  20  July-23  September 
1937,  1961,  and  1966  (Hayward  1967,  Behle 
1981). 

Solitary  Sandpiper  {Tringa  soUtaria).  A.  C. 
Lloyd  (Twomey  1942)  observed  four  or  five 
almost  every  day  of  his  study  at  what  is  now 
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SLWMA  in  1934  and  1935.  Twomey  (1942) 
stated  that  in  1937  at  least  two  pairs  re- 
mained at  the  Ashley  Creek  marshes,  where 
he  presumed  that  they  nested.  A  specimen 
housed  at  Brigham  Young  University  was  col- 
lected near  Jensen  22  July  1937  (Hayward 
1967).  C.  Vigos,  a  consultant  to  Tosco  Corpo- 
ration, saw  it  in  the  desert  region  of  Uintah 
Coimty  29  April  1976  (Fig.  2).  I  observed 
two  at  SLWMA  and  one  at  Pelican  Lake 
(Fig.  2). 

Willet  (Catoptrophorus  semipahnatus). 
Since  1937  (Twomey  1942),  it  has  been  ob- 
served 5  May-2  August  1966,  1967,  1977, 
and  1982  (Behle  1981,  Leppert  1982).  I  ob- 
served young  at  Pelican  Lake  23  June  1981. 
The  creation  of  ponds  and  reservoirs  in  Uin- 
tah County  in  recent  years  accounts  for  the 
fact  that  it  is  now  a  common  summer  resi- 
dent (Fig.  2). 

Whimbrel  {Numenius  phaeopus).  Seen  by 
M.  Webb  in  the  Randlett  area  (presumably  at 
or  near  Pelican  Lake)  in  spring  1981  (King- 
ery  1981c).  At  the  north  end  of  the  marsh  sit- 
uated at  the  northwest  end  of  Pelican  Lake,  I 
observed  one  21  May  1982  (Fig.  2). 

Long-billed  Curlew  {Numenius  american- 
iis).  Only  four  sightings  of  it  in  Uintah  Coun- 
ty have  been  published  (Twomey  1942,  Behle 
1981).  From  1979  to  1981  it  was  seen  from 
April  to  August  east  of  Green  River  at  a  wa- 
ter pump  house  approximately  4  km  north  of 
Woods  Bottom  Pond  in  ONWR,  where  it  was 
believed  to  nest  (T.  Tornow,  pers.  comm.).  At 
Wyasket  Bottom  of  ONWR,  M.  Lange  (pers. 
comm.)  observed  birds  throughout  their 
breeding  season.  T.  Tornow  (pers.  comm.) 
saw  yoimg  in  1979,  and  L.  Littleton  observed 
young  several  years  earlier  (T.  Tornow,  pers. 
comm.).  H.  L.  Vickers  and  G.  Limb,  associ- 
ates of  the  author,  saw  one  approximately  6.5 
km  west  of  Bonanza  on  the  Ouray-Bonanza 
road  (T9S,  R24E,  Sec.  20)  far  from  water  14 
April  1982  (Fig.  2).  Utah  Field  Ornithologists 
sighted  eight  at  Pelican  Lake  15-16  May 
1982  (Leppert  1982). 

Hudsonian  Godwit  (Limosa  liaemastica). 
Observed  by  birders  R.  Sorenson  and  E.  So- 
renson  at  a  pond  about  1  km  west  of  Pelican 
Lake  2  May  1981,  when  seven  were  seen,  and 
5  May  1981,  when  two  were  observed  (King- 
ery  1981c,  M.  L.  Perry,  pers.  comm.).  Those 
sightings  constituted  the  second  record  of  the 


species  in  Utah  (Scott  1968).  Hudsonian  God- 
wits  were  seen  by  M.  Webb  and  others  in  the 
Pelican  Lake  area  15  May  1982,  when  a  male 
accompanying  a  flock  of  60  Marbled  Godwits 
was  collected  (the  third  record  for  Utah— 
Kingery  1982,  Leppert  1982,  White  et  al. 
1983). 

Marbled  Godwit  {Limosa  fedoa).  Nests  in 
Canada  and  the  northern  plains  of  the  U.S.  in 
late  May  and  in  June  (Bent  1962b),  so  birds 
that  Hayward  (1967)  observed  flying  over 
Pelican  Lake  2  June  and  those  that  A.  C. 
Lloyd  (Twomey  1942)  saw  during  the  first 
week  of  June  were  unusually  late  migrants. 
The  abundance  of  the  species  in  Uintah 
County  has  decreased  since  1937  (Twomey 
1942,  Fig.  2). 

Sanderling  {Calidris  alha).  Apparently  not 
as  common  (Fig.  2)  as  in  1935  and  1937 
(Twomey  1942).  Eight  were  collected  on  four 
occasions  between  13  May  1961  and  12  May 
1970  at  Pelican  Lake  (Hayward  1967,  Hay- 
ward et  al.  1976),  where  my  observations 
were  made  (Fig.  2). 

Western  Sandpiper  {Calidris  maiiri).  Con- 
sidered by  Hayward  et  al.  (1976)  to  be  an 
abundant  migrant  in  Utah.  Twomey  (1942, 
1944)  saw  hundreds  during  the  first  two 
weeks  of  May  and  in  September  1937.  Since 
then,  only  four  published  records  have  been 
made  in  Uintah  County.  Specimens  were  col- 
lected between  22  July  1961  and  13  May 
1966  (Hayward  1967).  I  observed  two  on 
mud  flats  east  and  across  Utah  Highway  88 
from  Pelican  Lake  (Figs.  1-2).  Utah  Field 
Ornithologists  observed  one  at  Pelican  Lake 
15  or  16  May  1982  (Leppert  1982). 

Least  Sandpiper  {Calidris  minutilla).  Re- 
garded by  Hayward  et  al.  (1976)  as  an  abun- 
dant migrant  in  Utah.  However,  records  in 
Uintah  County  since  1937  (Twomey  1942) 
are  few.  At  Pelican  Lake,  four  sightings  or 
collections  were  made  22  July  1961-19  Sep- 
tember 1966  (Hayward  1967,  Behle  1981).  C. 
Vigos  reported  it  30  April- 14  May  1976  (Fig. 
2).  Utah  Field  Ornithologists  sighted  one  at 
Pelican  Lake  15  or  16  May  1982  (Leppert 
1982). 

Baird's  Sandpiper  {Calidris  bairdii).  At 
Pelican  Lake,  two  were  collected  23  Septem- 
ber 1961  (Hayward  1967)  and  one  on  both  19 
August  1961  and  20  March  1967  (Behle 
1981).  No  records  in  Uintah  County  have 
been  made  since.  I  observed  three  individuals 
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on  the  east  shore  of  the  diked  marsh  at  the 
northwest  end  of  Pehcan  Lake  (Figs.  1-2). 
The  incidence  of  it  has  decHned  since  1937 
(Twomey  1942),  perhaps  due  to  the  human 
invasion  and  disturbance  of  its  winter  range 
in  Argentina  and  Chile  (Bent  1962a). 

Dunlin  {Calidris  alpina).  A.  C.  Lloyd 
(Twomey  1942)  saw  one  in  a  flock  of  Least 
Sandpipers  1  May  1935,  and  Hay  ward  (1967) 
observed  several  small  flocks  at  Pelican  Lake 
15  May  1966.  R.  Sorenson  and  E.  Sorenson 
saw  Dimlins  at  Randlett  (presumably  in  the 
Pelican  Lake  area)  2  May  1981  (Kingery 
1981c).  One  was  observed  at  the  dry  bed  of 
the  west  pond  of  ONWR  8  November  1981 
by  B.  Clemens,  D.  Chure,  L.  Ferris,  and  M. 
Lange  (D.  Chure,  pers.  comm.). 

Long-billed  Dowitcher  {Limnodromus 
scolopaceus).  Considered  by  Hay  ward  et  al. 
(1976)  to  be  an  abundant  migrant.  Based  on 
both  Twomey 's  (1942)  study  and  mine  (Fig. 
2),  it  is  an  uncommon  migrant  in  Uintah 
Coimty,  where  it  has  been  seen  as  early  as  2 
April  (S.  Madsen,  pers.  comm.)  and  as  late  as 
10  November  (Fig.  2). 

Common  Snipe  (GaUinago  gallinago).  Con- 
sidered to  be  common  permanent  resident  in 
Utah  (Behle  and  Perry  1975a,  Hayward  et  al. 
1976,  Behle  1981).  Based  on  Twomey 's  (1942) 
observations  and  mine  (Fig.  2),  it  is  uncom- 
mon in  Uintah  County.  Most  sightings  there 
have  been  made  April-June  (Behle  1981,  D. 
Chure  and  L.  Ferris,  pers.  comm..  Fig.  2);  in 
an  area  including  western  Uintah  County, 
from  one  to  five  birds  were  seen  in  late  De- 
cember of  1953-1958  (Crittenden  et  al.  1955, 
Killpack  1957,  1958,  1959,  Killpack  et  al. 
1954,  1956). 

Wilson's  Phalarope  {Phalaropus  tricolor). 
Although  the  species  is  less  frequent  during 
migration  now  (Fig.  2)  than  in  1937 
(Twomey  1942),  some  are  presently  summer 
residents  in  Uintah  County  (Fig.  2),  evidently 
due  to  the  increased  marsh  area  available 
there  compared  with  1937  when  no  summer 
residents  occurred  (Twomey  1942). 

Red-necked  Phalarope  {Phalaropus  lo- 
batus).  Regarded  by  Hayward  et  al.  (1976)  as 
an  abundant  migrant.  C.  L.  Hayward  and  H. 
H.  Frost  (Hayward  et  al.  1976)  observed 
thousands  at  Pelican  Lake  15  May  1970.  D. 
Zakmardo  (pers.  comm.)  considers  it  an  un- 
common spring  migrant  at  PWA.  M.  Lange 
(pers.  comm.),  a  former  employee  at  ONWR, 


did  not  see  it  there.  I  did  not  see  the  species 
in  Uintah  County,  but  M.  Webb  (Kingery 
198 Id)  observed  400-500  birds  at  Duchesne, 
Duchesne  County  9  May  1981  and  Utah 
Field  Ornithologists  saw  50  in  Myton,  Du- 
chesne County,  15  or  16  May  1982  (Leppert 
1982). 

Laridae 

All  species  of  Laridae  that  I  observed  more 
than  once  in  Uintah  County  were  evidently 
more  abundant  in  this  study  (Fig.  2)  than 
they  were  in  1937  (Twomey  1942),  probably 
due  to  the  creation  of  Pelican  Lake  and  asso- 
ciated ponds  and  Woods  Bottom  Pond  at 
ONWR. 

Franklin's  Gull  (Lariis  pipixcan).  Appar- 
ently more  common  now  (Fig.  2)  than  in 
1937  (Twomey  1942)  but  less  prevalent  now 
than  1961-1970  (Hayward  1967,  Hayward  et 
al.  1976,  Behle  1981).  Behle  (1981)  noted  that 
it  is  a  common  summer  resident  in  north- 
eastern Utah.  Based  on  this  study,  it  is  an  un- 
common migrant  in  Uintah  County  (Fig.  2). 

Bonaparte's  Gull  {Lams  Philadelphia).  Sev- 
eral were  seen  with  a  flock  of  Franklin's 
Gulls  at  Pelican  Lake  15  May  and  3  June 
1970  (Hayward  et  al.  1976).  The  carcass  of  a 
subadult  was  found  on  the  north  shore  of 
Pelican  Lake  27  May  1977  (Behle  1981).  At 
Fort  Duchesne,  14  were  seen  by  R.  Sorenson 
and  E.  Sorenson  2  May  1981  (Kingery  1981c). 
I  observed  one  adult  and  8  immatures  at  the 
pond  1  km  west  of  Pelican  Lake  and  several 
immatures  flying  over  Pelican  Lake  (Figs. 
1-2).  Utah  Field  Ornithologists  sighted  4 
birds  in  the  Pelican  Lake  area  15-16  May 
1982  (Leppert  1982). 

Ring-billed  Gull  {Larus  delawarensis). 
Considered  by  Behle  and  Perry  (1975a)  to  be 
common  winter  visitants  in  northern  Utah 
and  to  occur  in  the  state  1  August- 15  May. 
Behle  (1981)  noted  that  they  probably  do  not 
nest  in  northeastern  Utah.  In  Colorado  the 
species  is  a  migrant  and  nonbreeding  resident 
(Bailey  and  Niedrach  1965). 

Two  or  three  were  seen  by  Twomey  (1942) 
along  Green  River  throughout  the  summer  of 
1937,  .but  they  demonstrated  no  evidence  of 
nesting  (Twomey  1942).  However,  some  ran- 
chers owning  property  along  Green  River 
who  were  "careful  bird  observers  "  told 
Twomey   (1942)   "that  during  past  years,   a 
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pair  or  two  of  the  gulls  nested  on  the  large 
sand  bars  of  Green  River,  between  Jensen 
and  the  mouth  of  Green  River  Gorge"  (prob- 
ably Split  Mountain).  During  this  study,  a 
flock  of  Ring-billed  Gulls  occurred  at  Pelican 
Lake  and  Woods  Bottom  Pond  in  ONWR 
throughout  most  of  the  year  (Figs.  1-2).  In 

1981,  several  appeared  to  be  nesting  on  an  is- 
let near  the  east  end  of  Pelican  Lake  close  to 
Utah  Highway  88  (Figs.  1-2).  I  observed  im- 
mature birds  in  that  area  in  August  1981. 

California  Gull  {Lams  calif ornicus). 
Twomey  (1942)  reported  seeing  one  on 
Green  River  below  Jensen  10  May  1937,  and 
A.  C.  Lloyd  (Twomey  1942)  saw  a  flock  of  50 
at  what  is  now  SLWMA  in  mid-May  1935. 
Observed  during  18-22  March,  from  27  May 
or  earlier  that  month  to  4  June,  and  22-27 
July  1948,  1966,  1967,  1977,  and  unspecified 
years  (Hayward  1967,  Behle  1981).  Flocks  of 
gulls  reside  at  Pelican  Lake  and  at  Woods 
Bottom  Pond  in  ONWR,  but  I  have  observed 
no  California  Gulls  in  those  flocks. 

Herring  Gull  {Larus  argentatus).  Behle  and 
others  (Behle  1981)  saw  one  at  Pelican  Lake 
27  May  1977.  I  observed  a  large  gull  on  Peli- 
can Lake  that  I  believe  was  a  Herring  Gull 
(Fig.  2). 

Common  Tern  [Sterna  hirundo).  Utah 
Field  Ornithologists  reported  three  in  the 
Pelican   Lake   area    15   May    1982    (Kingery 

1982,  Leppert  1982),  but  I  have  seen  only 
Forster's  Tern  (Sterna  forsteri)  there. 

Black  Tern  {Chlidonias  niger).  Hayward 
(1967)  noted  that  it  is  a  common  summer 
resident  at  Pelican  Lake  in  May,  June,  and 
July.  It  is  apparently  more  prevalent  now 
(Fig.  2)  than  in  1937  (Twomey  1942)  but  is 
uncommon.  At  ONWR,  T.  Tornow  (pers. 
comm.)  saw  nests  during  1979-1982,  particu- 
larly at  Leota  Bottom  in  spring  1982  and  M. 
Lange  (pers.  comm.)  observed  several  nests  in 
1982. 

Columbiformes 

Columbidae 

Band-tailed  Pigeon  (Cohwiba  fasciata). 
Observed  on  agricultural  land  south  of  La- 
Point  (el.  1370  m)  19  May  1970  and  in  desert 
shrub  habitat  on  Walker  Hollow  Road  (el. 
1830  m),  which  is  south  and  southeast  of  Jen- 
sen, as  close  13  km  to  that  town,  30  April 


1971  (Pederson  and  Nish  1975).  D.  Zalunardo 
(pers.  comm.)  sighted  one  in  Vernal  23  Octo- 
ber 1980  and  M.  Lange  (pers.  comm.)  saw 
one  during  spring  1981. 

Cuculiformes 

Cuculidae 

Yellow-billed  Cuckoo  (Coccyzus  american- 
us).  I  closely  observed  and  heard  one  in  the 
Green  River  floodplain  about  500  m  south- 
west of  the  Green  River  bridge  at  Ouray  in 
1981  (Figs.  1-2).  Also  in  1981  and  1982,  it 
was  seen  at  ONWR  by  M.  Lange  (pers. 
comm.).  The  1981  sightings  constitute  the 
first  records  of  the  species  in  northeastern 
Utah.  Personnel  of  the  Utah  Department  of 
Natural  Resources,  Division  of  Wildlife  Re- 
sources, collected  a  carcass  from  the  Maeser 
area  northwest  of  Vernal  in  1982  (J.  S. 
Cranney,  pers.  comm.). 

Strigiformes 

Tijtonidae 

Common  Barn-OwI  {Tyto  alba).  Only  two 
sightings  of  live  birds  have  been  recorded  in 
northeastern  Utah  (Twomey  1942).  Only  one 
of  them  definitely  occurred  in  the  desert  re- 
gion of  Uintah  County,  an  individual  seen  by 
D.  Stewart  near  Jensen  in  1936  (Twomey 
1942).  One  carcass  that  is  now  a  part  of  the 
museum  collection  of  Dinosaur  National 
Monument,  Utah,  was  collected  at  Jensen  29 
November  1982  (D.  Chure  and  L.  Ferris, 
pers.  comm.). 

Strigidae 

Western  Screech-Owl  (Otiis  kennicottii). 
Regarded  as  a  common  permanent  resident 
in  Utah  (Behle  and  Perry  1975a,  Hayward  et 
al.  1976)  but  as  vmcommon  in  northeastern 
Utah  (Behle  1981,  Behle  and  Perry  1975b).  A. 
C.  Lloyd  collected  a  female  and  three  off- 
spring she  was  feeding  in  dense  willows  at 
the  confluence  of  Ashley  Creek  and  Green 
River  sometime  between  25  and  30  July  1935 
(Twomey  1942).  Hayward  (1967)  observed 
the  species  near  Jensen  18  May  1958.  A  nest 
found  by  M.  Horton  along  upper  Ashley 
Creek  (Behle  1981)  probably  occurred  in 
montane  habitat.  Ranger  Sneddon  and  R.  G. 
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Beidlenian  (Beidleman,  in  litt.)  observed  a 
small  owl  presumed  to  be  a  Western  Screech- 
Owl  in  a  box  elder  tree  at  the  headquarters  of 
Dinosaur  National  Monument  19  November 
1946.  On  22  May  1981,  approximatey  750  m 
northwest  of  MFB,  I  was  startled  by  a  small 
owl,  perhaps  a  Western  Screech-Owl,  which 
flew  from  a  tree  about  4  m  behind  me  (Fig. 

2). 

Great  Horned  Owl  (Bubo  virginianus). 
Twomey  (1942)  did  not  observe  it  in  Uintah 
County,  apparently  because  it  had  been 
himted  extensively  by  "ranchers,  farmers,  and 
sportsmen."  It  is  now  common  (Fig.  2). 

Northern  Pygmy-Owl  {Glaucidium 
gnoma).  Sighted  in  Dinosaur  National  Mon- 
ument at  Split  Mountain  Campground  by  J. 
Halfpenny  19  November  1982  and  in  cotton- 
wood  trees  adjacent  to  a  cave  at  the  head  of 
Red  Rock  Nature  Trail,  Split  Mountain 
Campground,  by  D.  Chure  and  L.  Ferris 
(pers.  comm.)  21  and  25  November  1982. 
One  was  also  sighted  at  Dinosaur  National 
Monument  26  December  1982  (D.  Chure  and 
L.  Ferris,  pers.  comm.). 

Northern  Saw-whet  Owl  (AegoHus  aca- 
dicus).  Collected  along  a  valley  stream  in 
Vernal  29  December  1957  (Hayward  1967). 
A  nest  containing  three  young  was  found  by 
M.  Horton  16  km  east  of  Ouray  in  May  1967 
(Behle  and  Perry  1975b,  Behle  1981).  H.  G. 
Troester  and  M.  Lange  (pers.  comm.)  ob- 
served and  photographed  one  individual  at 
ONWR  3  February  1981. 

Caprimulgiformes 

Caprimulgidae 

Common  Poorwill  (Phalaenoptilus  nut- 
talli).  Hayward  (1967)  stated  that  it  is  com- 
mon in  desert  shrub  and  pinyon-juniper  com- 
munities throughout  the  upper  Colorado 
River  basin  but  provided  no  sighting  records. 
It  is  largely  a  montane  species  in  north- 
eastern Utah  (Behle  1981).  There  is  only  one 
published  record  in  the  desert  region  of  Uin- 
tah County,  a  male  collected  by  A.  C.  Lloyd 
(Twomey  1942)  3  km  south  of  Jensen  19  Au- 
gust 1935.  One  was  sighted  along  the  diked 
road  in  SLWMA  about  800  m  beyond  the  en- 
trance sign  by  D.  Chure  and  L.  Ferris  (pers. 
comm.)  6  September  1981;  one  was  found 
dead  near  Pelican  Lake  6  October  1982  by 


M.  Lange  (pers.  comm.);  Utah  Field 
Ornithologists  heard  one  at  Split  Mountain 
Campground,  Dinosaur  National  Monument, 
15  May  1982  (Leppert  1982). 

Apodiformes 

Trochilidae 

Black-chinned  Hummingbird  (Archilochus 
alexandri).  There  are  only  five  published  re- 
cords of  it  in  the  desert  region  of  Uintah 
County  (Twomey  1942,  Hayward  1967).  It  is 
more  commonly  seen  now  than  it  was  in 
1937  (Twomey  1942),  possibly  due  to  more 
feeders  around  homes  at  the  present  time.  In 
Dinosaur  National  Monument,  one  was  ob- 
served at  Dinosaur  Quarry  Residential  Area 
by  W.  E.  Welch  29  April  1965  and  by  W.  G. 
Tniesdell  12  June  1973  and  at  Prophecy  in 
Stone,  approximately  1  km  southeast  of  Di- 
nosaur Quarry  Visitor  Center,  by  N.  Howk 
22  June  1980  (D.  Chure,  in  litt.).  One  male 
remained  all  summer  at  a  feeder  behind  the 
house  of  D.  Chure  and  L.  Ferris  along  Utah 
Highway  149  (Road  B,  Fig.  1).  By  late  July, 
the  Black-chinned  Hummingbird,  as  well  as 
the  other  two  species  of  hummingbirds  in 
Uintah  County,  have  begun  leaving  their 
montane  nesting  areas  and  appear  in  valleys, 
where  they  may  remain  until  September 
(Fig.  2). 

Broad-tailed  Hummingbird  (Selasphorus 
platycercus).  Much  more  prevalent  in  the 
desert  region  of  Uintah  County  during  migra- 
tion than  during  its  nesting  season  (Twomey 
1942,  Leppert  1982,  Beidleman,  in  litt..  Fig. 
2).  Hayward  (1967)  supposedly  found  it  nest- 
ing in  a  small  crevice  of  a  cliff  "near  the 
junction  of  White  and  Green  Rivers,  Du- 
chesne County,  Utah  (elevation  6500  ft.)"  22 
June  1954,  where  a  female  bird  was  seen 
feeding  young.  However,  the  confluence  of 
White  and  Green  rivers  is  in  Uintah  County 
at  an  elevation  of  about  1430  m  (4700  ft).  I 
observed  a  male  in  a  cottonwood  grove  along 
the  White  River  approximately  800  m  north- 
west of  MFB  2  June  1981  that  may  have 
been  a  breeding  summer  resident  (Fig.  2). 

Rufous  Hummingbird  (Selasphorus  rufus). 
From  20  July  to  11  August  1934,  A.  C.  Lloyd 
(Twomey  1942)  found  at  least  three  or  four 
birds  in  each  patch  of  fireweed  (Chamaene- 
rion  angustifolium)  that  he  examined.  Lloyd 
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saw  only  two  individuals  in  1935  and 
Twomey  saw  none  in  1937  (Twomey  1942). 
In  this  study,  it  was  commonly  seen  at  site  4 
and  800  m  south  of  Naples,  where  J.  Metz  re- 
portedly saw  it  13  and  16  May  1981  (Figs. 
1-2).  One  male  was  seen  at  a  feeder  in  Lo- 
gan, Cache  County,  4-6  May  1982  by  K.  L. 
Dixon,  who  stated  that  the  only  other  spring 
record  in  Utah  occurred  in  1962  (Kingery 
1982). 

Coraciiformes 

Alcedinidae 

Belted  Kingfisher  {Ceryle  alcijon).  Twomey 
(1942)  observed  the  species  three  times.  One 
was  seen  along  Green  River  at  ONWR  dur- 
ing 18-22  March  1966  (Behle  1981),  at  "Le- 
land"  (presumably  eastern  Leland  Bench)  13 
April  1901  (Tullsen  1908),  Sheppard  Bottom 
of  ONWR  1  May  1982,  and  Woods  Bottom 
of  ONWR  in  August  1981  (D.  Chure,  pers. 
comm.).  D.  Chure  (pers.  comm.)  collected  the 
carcass  of  a  male  at  the  junction  of  Utah 
Highway  149  and  Brush  Creek  (Road  B,  Fig. 
1)  7  May  1982.  Two  were  sighted  in  the  Jen- 
sen area  26  December  1982  (D.  Chure  and  L. 
Ferris,  pers.  comm.).  In  an  area  including  a 
part  of  western  Uintah  County,  the  species 
was  seen  27  December  1956  and  29  Decem- 
ber 1958  (Killpack  1957,  1959).  I  observed  it 
approximately  700  m  north  of  Ouray  on  the 
west  side  of  Green  River,  near  site  4,  in  flight 
near  White  River  about  800  m  northwest  of 
MFB,  and  close  to  a  stream  about  1  km  north 
of  Pelican  Lake  (Figs.  1-2). 

Piciformes 

Picidae 

Yellow-bellied  Sapsucker  {Sphyrapiciis  var- 
ius).  Considered  by  Behle  (1981)  to  be  a  com- 
mon permanent  resident  in  northeastern  Utah 
that  breeds  from  lowland  riparian  floodplains 
to  aspen-pine  forests.  D.  Gale  (Bent  1964c) 
noted  that  in  Colorado,  it  nests  only  in  quak- 
ing aspens,  usually  at  an  elevation  of 
2440-2745  m.  It  has  not  been  seen  in  the' 
desert  region  of  Uintah  County  during  its 
breeding  season  in  June  (Bent  1964c)  except 
on  or  about  the  federal  oil  shale  tracts  U-a 
and  U-b  in  June  1975  (Anonymous  1977).  The 


Yellow-bellied  Sapsucker  is  apparently  less 
common  now  (Fig.  2)  than  it  was  in  1937 
(Twomey  1942).  I  observed  it  200  m  south  of 
MFB  (40°02'N,  109°27'W),  about  1.7  km 
southwest  of  MFB  (40°01'N,  109°28'W),  and 
at  ONWR  (Figs.  1-2). 

Downy  Woodpecker  {Picoides  pubescens). 
Apparently  less  prevalent  in  the  desert  region 
of  Uintah  County  now  (Fig.  2)  than  in  1937 
(Twomey  1942).  No  evidence  was  presented 
by  Hayward  (1967)  to  substantiate  his  claim 
that  it  is  less  commonly  seen  than  the  Hairy 
Woodpecker  in  valleys  of  the  upper  Colo- 
rado River  basin  during  summer.  The  con- 
verse is  true  (Fig.  2).  Hayward  (1967)  ob- 
served signs  of  nesting  activity  by  the  Downy 
Woodpecker  on  Green  River  floodplain  near 
Ouray  17  May  1958.  Nesting  is  apparently 
most  common  in  June  (Bent  1964b).  My  ob- 
servations of  the  species  in  a  Cottonwood 
grove  along  the  White  River  approximately 
800  m  northwest  of  MFB  2  and  23  June  1981 
(Figs.  1-2)  suggest  that  it  may  nest  in  White 
River  lowlands. 

Hairy  Woodpecker  {Picoides  villosiis). 
Since  1937  in  the  desert  region  of  Uintah 
County,  the  only  published  record  of  it  on  a 
specific  date  regards  a  specimen  collected  at 
ONWR  31  July  1962  (Behle  1981).  Despite 
reports  (Hayward  1967,  Hayward  et  al.  1976, 
Behle  1981)  that  the  species  nests  in  valley  ri- 
parian sites,  no  specific  sighting  dates  were 
given  for  lowland  habitats  during  the  Hairy 
Woodpecker's  nesting  period,  which  includes 
May  and  June  (Bent  1964a).  However, 
Beidleman  (in  litt.)  observed  a  female  in  sage- 
brush at  Split  Mountain  Campground,  Dino- 
saur National  Monument,  31  May  1957.  One 
individual  was  seen  at  the  headquarters  of 
that  monument  by  J.  H.  Lombard  (Beidle- 
man, in  litt.)  1  September  1945.  There  was 
no  evidence  that  the  bird  I  saw  along  the 
White  River  7  km  southeast  of  Ouray  7  May 
1982  (Figs.  1-2)  was  breeding.  I  also  ob- 
served the  species  350  m  south  of  MFB  and 
at  ONWR  (Fig.  2). 

Passeriformes 

Tyrannidae 

Olive-sided  Flycatcher  (Contopiis  borealis). 
Not  seen  in  the  lowlands  of  northeastern 
Utah  since  1937,  when  it  occurred  in  "con- 
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siderable  numbers"  along  the  main  river  val- 
leys of  the  Uinta  Basin  15  May- 10  June  and 
during  September  (Twomey  1942). 

Western  Wood-Pewee  {Contopus  sordi- 
duhis).  Hayward  (1967)  stated  that  in  the  up- 
per Colorado  River  basin,  it  is  the  most  com- 
mon small  flycatcher  inhabiting  floodplain 
woodlands,  where  it  breeds.  All  sightings  in 
the  desert  region  of  Uintah  County  have  oc- 
curred in  May,  June,  and  August  (Twomey 
1942,  Behle  and  Ghiselin  1958,  Behle  1981, 
Beidleman,  in  litt.,  D.  Chure,  in  litt..  Fig.  2) 
except  an  observation  by  the  author  on  the 
Green  River  floodplain  500  m  southwest  of 
the  Green  River  bridge  at  Ouray  1  Septem- 
ber (Figs.  1-2).  Those  I  saw  700-900  m 
northwest  of  MFB  27  May,  16  June,  and  23 
June  1981  (site  9,  Figs.  1-2)  may  have  been 
nesting.  It  is  apparently  less  common  now 
(Fig.  2)  than  it  was  in  1937  (Twomey  1942). 

Willow  Flycatcher  {Empidonax  traillii). 
Apparently  less  common  now  (Fig.  2)  than  in 
1937  (Twomey  1942).  Since  then,  it  has  been 
collected  at  Brush  Creek  about  13  km  north- 
east of  Vernal  24  August  1949,  ONWR  22 
August  1962,  and  the  C.C.C.  Crossing  of  Hill 
Creek  approximately  65  km  south  of  Ouray 
(possibly  in  the  desert  region  of  Uintah  Coun- 
ty) 23  August  1962  (Behle  and  Ghiselin  1958, 
Behle  1981).  I  observed  it  about  800  m  north- 
west of  MFB,  at  SLWMA,  Split  Mountain 
Campground,  Dinosaur  National  Monument, 
near  the  transition  of  desert  scrub  habitat 
with  montane  habitat,  and  south  and  east  of 
Green  River  at  ONWR  (Figs.  1-2). 

Hammond's  Flycatcher  {Empidonax  harn- 
mondii).  The  only  member  of  the  species  that 
has  definitely  been  observed  in  the  desert  re- 
gion of  Uintah  County  was  collected  by 
Twomey  (1942)  approximately  3  km  south  of 
Jensen  in  a  cottonwood  floodplain  of  what  is 
now  SLWMA  9  August  1937.  An  Empidonax 
flycatcher  that  I  observed  1  km  northwest  of 
MFB  on  27  May  1981  had  a  dark  breast  and 
throat  except  for  a  narrow  whitish  band 
along  their  center.  Its  general  color  was  slaty. 
The  bird  was  observed  for  about  10  minutes 
and  did  not  make  a  sound.  Hammond's  Fly- 
catcher is  comparatively  silent  (Bent  1963d). 
However,  its  throat  was  not  obviously  darker 
than  its  breast  and  its  mandible  was  yellowish 
brown  like  that  of  the  Dusky  Flycatcher.  The 
mandible  of  Hammond's  Flycatcher  is  usually 
blackish  brown  (Bent  1963d). 


Dusky  Flycatcher  {Empidonax  oberholseri). 
Behle  (1981)  indicated  that  it  is  a  common 
migrant  in  the  willows  and  cottonwoods  of 
lowlands  in  northeastern  Utah  but  provided 
only  two  records  in  valley  habitats  besides 
Twomey 's  (1942)  observations:  the  collection 
of  a  specimen  in  the  Uncompahgre  Ute  In- 
dian Reservation  by  W.  Granger  17  May 
1895  and  a  sighting  along  White  River  at  the 
mouth  of  Asphalt  Wash  24  May  1975  (Behle 
1981).  In  1937,  it  was  uncommon  (Twomey 
1942)  and  I  found  it  to  be  rare  (Fig.  2).  Ap- 
proximately 900  m  northwest  of  MFB,  I  ob- 
served what  I  believed  to  be  Dusky  Fly- 
catchers 12  and  27  May  1981.  Their  throats 
were  not  dark;  the  center  of  their  bellies  was 
yellow.  The  lower  mandible  of  one  bird  was 
carefully  observed  with  binoculars  and  was 
discovered  not  to  be  pied.  The  birds  uttered  a 
two-syllabled  note  resembling  that  described 
for  the  species  (Bent  1963e). 

Gray  Flycatcher  {Empidonax  ivrightii). 
Hayward  et  al.  (1976)  affirmed  that  it  was 
widespread  and  the  most  common  of  the 
Empidonax  flycatchers  in  Utah.  Hayward 
(1967)  attested  that  it  is  "by  far  the  most 
common  summer  resident  of  any  of  the  small 
flycatchers"  in  the  upper  Colorado  River  ba- 
sin, although  no  specimen  has  been  collected 
in  the  desert  region  of  northeastern  Utah 
(Behle  1981).  Twomey  (1942)  observed  only 
two  members  of  the  species  in  the  Uinta  Ba- 
sin but  none  in  its  desert  region.  R.  G.  Beidle- 
man (in  litt.)  saw  the  Gray  Flycatcher  10  Au- 
gust and  earlier  in  the  same  summer  at  Split 
Mountain  Campground,  Dinosaur  National 
Monument.  C.  M.  White  (pers.  comm.)  col- 
lected it  in  desert  scrub  habitat  in  Utah.  In 
this  study,  line  transects  were  walked  in  that 
habitat  in  all  seasons  from  1977  to  1981.  No 
Gray  Flycatcher  was  seen  there.  Perhaps,  be- 
cause Uintah  County  is  so  arid,  the  species 
summers  there  only  in  the  upper  desert  zone 
near  juniper  woodlands. 

I  observed  two  Gray  Flycatchers  in  ripa- 
rian habitat  200-400  m  south  of  MFB  for  ap- 
proximately four  hours  7  September  1977 
and  1.5  hours  on  8  September  1977.  The 
birds  did  not  have  an  eye  ring,  but  the  pres- 
ence of  the  latter  is  variably  distinct  among 
Empidonax  flycatchers  depending  on  the  spe- 
cies and  its  molting  stage.  (Compare  the  con- 
spicuousness  of  the  eye  rings  of  the  Yellow- 
bellied  Flycatcher,  Western  Flycatcher,  and 
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Willow  Flycatcher  in  the  work  of  Terres 
[1980:366-367]).  The  Gray  Flycatcher  is  less 
common  in  the  Uinta  Basin  than  in  Utah  gen- 
erally, based  on  both  Twomey's  (1942)  work 
and  mine  (Fig.  2). 

Western  Flycatcher  (Empidonax  difficilis). 
Regarded  by  Behle  and  Perry  (1975a)  and 
Behle  (1981)  as  a  common  summer  resident 
in  the  canyons  and  mountains  of  Utah  and 
northeastern  Utah,  respectively.  However, 
Hayward  et  al.  (1976)  considered  it  to  be  a 
sparse  breeder  in  Utah  mountains.  The  only 
member  of  the  species  seen  by  Twomey 
(1942)  in  what  was  possibly  the  desert  region 
of  Uintah  County  was  collected  16  km  west 
of  Vernal  28  May  1937.  1  observed  a  Western 
Flycatcher  in  cottonwoods  900  m  northwest 
of  MFB  (Fig.  2). 

Eastern  Phoebe  (Sayornis  phoebe).  One  re- 
ported in  riparian  habitat  on  or  about  the 
federal  oil  shale  tracts  U-a  and  U-b  in  Octo- 
ber 1976  (Anonymous  1977).  On  1  May  1981, 
J.  Metz  and  I  observed  an  apparent  hybrid 
between  an  Eastern  Phoebe  and  a  Say's 
Phoebe,  although  its  characteristics  fitted 
those  of  the  former  much  more  closely.  It 
was  observed  in  badlands  habitat  about  800 
m  southwest  of  MFB  (40°02'N,  109°28'W) 
along  an  avian  transect.  The  bird  repeatedly 
alighted  on  and  took  flight  from  a  2.4-m 
marker  that  had  been  placed  on  the  center 
line  of  the  transect.  We  watched  it  for  about 
15  minutes  from  a  distance  as  near  as  15  m 
and  then  continued  to  walk  the  line  transect 
to  its  termination.  Thereafter,  we  began 
walking  the  center  line  of  the  transect  in  the 
opposite  direction  and  again  encountered  the 
bird  at  the  site  where  we  had  initially  spotted 
it.  We  watched  it  for  an  additional  5  minutes. 
The  flycatcher  had  a  dark  head  and  bill  and  a 
white  throat.  It  lacked  wingbars  and  bobbed 
its  tail  up  and  down.  However,  it  possessed  a 
faint  washing  of  cinnamon  on  the  belly.  I  re- 
fer to  the  bird  as  an  Eastern  Phoebe  in  Fig.  2 
because  its  traits  matched  those  of  that  spe- 
cies except  for  the  slight  rusty  tint  on  its 
venter. 

Say's  Phoebe  {Sayornis  saya).  Hayward 
(1967)  stated  that  it  prefers  to  occupy  open 
desert  sites.  Bent  (1963c)  affirmed  that  Say's 
Phoebe  is  a  bird  of  open  country,  sagebrush 
plains,  badlands,  dry,  barren  foothills,  and  the 
margins  of  deserts,  where  it  forages  over  low 
vegetation,  and  added  that  it  is  not  fond  of 


water  courses  or  woods.  I  walked  avian  tran- 
sects in  desert  habitat,  including  badlands, 
over  all  seasons  during  four  years  and  did  not 
see  the  species  there.  I  saw  it  only  in  or  about 
riparian  habitat  at  PWA,  MFB,  about  1  km 
southwest  of  MFB,  along  White  River  be- 
tween the  West  Fork  of  Saddle  Tree  Draw 
and  MFB  (Route  15),  and  along  Green  River 
approximately  250  m  below  the  Green  River 
bridge  at  Dinosaur  National  Monument  (Figs. 
1-2).  Say's  Phoebe  is  less  common  (Fig.  2) 
than  it  was  in  1937  (Twomey  1942). 

Vermilion  Flycatcher  {Pyrocephalus  ru- 
biniis).  At  the  headquarters  of  ONWR,  it  was 
reported  by  M.  Lange,  R.  Sjostrom,  and  H. 
G.  Troester  4  October  1982  and  by  M.  Lange 
7  November  1982  (M.  Lange  and  H.  G. 
Troester  pers.  comm.).  Those  sightings  are 
among  the  first  in  northern  Utah. 

Ash-throated  Flycatcher  {Myiarchus  cine- 
rascens).  In  the  desert  region  of  Uintah  Coun- 
ty, it  is  more  prevalent  during  migration  than 
summer.  Nesting  incidence  apparently  peaks 
in  late  June  (Bent  1963b),  when  I  saw  it  (23 
June)  in  cottonwoods  along  White  River  1 
km  northwest  of  MFB  (Fig.  2). 

Western  Kingbird  (Tyrannus  verticalis). 
Twomey  (1942)  stated  that  it  was  "among  the 
most  characteristic  birds"  of  the  Green  River 
floodplains  in  1937.  Although  the  species  has 
extended  its  range  during  the  last  century 
(Bent  1963a),  it  is  presently  less  abundant  in 
Uintah  County  (Fig.  2)  than  it  was  in  1937 
(Twomey  1942),  possibly  due  to  the  loss  of 
suitable  habitat  on  its  wintering  grounds  in 
western  Central  America  (Bent  1963a).  At 
"Leland"  (presumably  eastern  Leland  Bench), 
Tullsen  (1908)  saw  the  species  31  March  as 
well  as  7-9  April  1901,  a  month  earlier  than 
I  did  (Fig.  2). 

Eastern  Kingbird  (Tyrannus  tyrannus)  Ap- 
parently less  common  in  northeastern  Utah 
(Twomey  1942,  Behle  1981,  Fig.  2)  than  in 
northern  Utah  in  general  (Behle  and  Perry 
1975a).  I  observed  it  only  in  May  and  August 
(Fig.  2),  but  it  has  also  been  seen  in  June  and 
July  (Twomey  1942,  Behle  and  Ghiselin 
1958,  Behle  1981). 

Alaudidae 

Horned  Lark  {Eromphila  alpestris). 
Twomey  (1942)  believed  that  it  arrived  in  the 
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Uinta  Basin  in  April  during  snowmelt.  How- 
ever, it  is  a  permanent  resident  there  (Fig.  2) 
and  is  at  least  as  abundant  now  (Fig.  2)  as  it 
was  in  1937  (Twomey  1942). 

Hirundinidae 

Purple  Martin  (Progne  siibis).  Twomey 
(1942)  observed  30  about  bird  houses  in  Ver- 
nal during  1937.  Argante  (D.  Chure,  in  litt.) 
saw  it  at  Green  River  Campground,  Dinosaur 
National  Monument,  1  June  1973. 

Tree  Swallow  (Tachycineta  bicolor).  Con- 
sidered by  Behle  and  Perry  (1975a)  to  be  a 
common  summer  resident  in  Utah,  but 
Twomey  (1942)  did  not  observe  it.  W.  G. 
Truesdell  sighted  15-20  at  Dinosaur  Quarry 
Residential  Area  24  April  1973,  and  Argante 
saw  the  species  at  Green  River  Campground, 
Dinosaur  National  Monument,  1  June  1973 
(D.  Chure,  in  litt.).  C.  Vigos,  a  consultant  to 
Tosco  Corporation,  saw  it  in  the  desert  re- 
gion of  Uintah  County  (Fig.  2).  1  observed 
Tree  Swallows  near  Green  River  about  1  km 
south  of  Dinosaur  Quarry  Visitor  Center,  Di- 
nosaur National  Monument,  and  feeding  over 
a  marsh  at  ONWR  (Figs.  1-2). 

Violet-green  Swallow  {Tachycineta  thalas- 
sina).  In  the  desert  region  of  Uintah  County, 
it  is  evidently  less  plentiful  now  (Fig.  2)  than 
in  1937  (Twomey  1942).  It  is  most  prevalent 
at  montane  canyon  cliffs.  At  Dinosaur  Na- 
tional Monument,  it  was  sighted  at  least  eight 
times  from  15  May  to  August  in  1942,  1956, 
1957,  1973,  and  1982  (Leppert  1982,  Beidle- 
man,  in  litt.,  D.  Chure,  in  litt.).  A  specimen 
was  collected  about  6.5  km  north  of  Green 
River  22  June  1947  (Behle  1981). 

Northern  Rough- winged  Swallow  {Stelgi- 
dopteryx  ruficoUis).  Twomey  (1942)  spotted 
individual  Northern  Rough-winged  Swallows 
in  congregating  flocks  of  Bank  Swallows  in 
August  and  September  1937.  Twice  I  ob- 
served a  small  flock  of  Northern  Rough- 
winged  Swallows  at  SLWMA  (Fig.  2).  Utah 
Field  Ornithologists  saw  one  bird  in  a  Vernal 
City  park  15  May  1982  (Leppert  1982).  It  is 
less  common  now  than  in  1937  (Twomey 
1942). 

Bank  Swallow  {Riparia  riparis).  Apparent- 
ly less  common  now  (Fig.  2)  in  the  desert  re- 
gion of  Uintah  County  than  in  1937 
(Twomey  1942).  Behle  and  colleagues  (Behle 
1981)  saw  it  only  twice  in  northeastern  Utah 


and  only  once  in  the  desert  region  of  Uintah 
County-at  Pelican  Lake  27  May  1977  (Behle 
1981).  The  American  Museum  of  Natural 
History  contains  a  specimen  collected  by  W. 
Granger  on  the  Uncompahgre  Ute  Indian 
Reservation  31  May  1895  (Behle  1981).  I  ob- 
served it  near  Green  River  1  km  south  of  Di- 
nosaur Quarry  Visitor  Center,  Dinosaur  Na- 
tional Monument  (Fig.  2).  Utah  Field 
Ornithologists  observed  200  at  ONWR  and 
12  at  Pelican  Lake  15-16  May  1982  (Leppert 
1982). 

Corvidae 

American  Crow  {Corvus  brachyrhynchos). 
Twomey  (1942)  noted  that  in  1937  it  was  nu- 
merous during  migration  along  the  Green 
River  valley.  He  found  six  nests  at  what  is 
now  SLWMA.  Hayward  (1967)  stated  that  in 
the  Green  River  Basin  Province,  the  Ameri- 
can Crow  occurs  regularly  in  summer,  where 
it  nests  in  trees  and  willow  thickets  along 
streams.  It  occurs  sparingly  in  western  coun- 
ties of  Colorado  (Bailey  and  Niedrach  1965). 
I  saw  it  only  in  the  winter  of  1977-1978  (Fig. 
2)  on  Road  F  approximately  10  km  east  of 
Ouray  (Fig.  1).  On  Audubon  Christmas 
counts  in  an  area  including  part  of  western 
Uintah  County,  M.  L.  Killpack  and  associates 
observed  4  on  27  December  1951  (Killpack 
et  al.  1952),  26  on  23  December  1952  (Crit- 
tenden et  al.  1953),  3  on  31  December  1953 
(Killpack  et  al.  1954),  2  on  29  December 
1954  (Crittenden  et  al.  1955),  11  on  27  De- 
cember 1956  (Killpack  1957),  38  on  31  De- 
cember 1957  (Killpack  1958),  and  368  on  29 
December  1958  (Killpack  1959).  However, 
most  of  those  observations  may  have  oc- 
curred in  eastern  Duchesne  County,  where  I 
have  frequently  seen  the  species.  At  a  nesting 
site  about  11  km  south  of  Whiterocks  in  what 
was  probably  the  desert  region  of  western 
Uintah  County,  M.  L.  Killpack  (Richards  and 
White  1963)  banded  3  nestlings  on  20  May 
1953. 

Common  Raven  {Corvus  sinuatus).  Behle 
(1981)  provided  no  sighting  or  collection  re- 
cords of  his  own.  In  the  desert  region  of  Uin- 
tah County,  it  was  seen  by  W.  Granger  in 
1895  (Behle  1981),  Twomey  in  1937 
(Twomey  1942),  and  Killpack  and  two  associ- 
ates in  an  area  including  part  of  western  Uin- 
tah County  29  December  1955  (Killpack  et 
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al.  1956).  D.  B.  Beard  (Beidleman,  in  litt.) 
saw  a  few  aroiind  the  headquarters  of  Dino- 
saur National  Monument  at  "various  times," 
including  12  August  1942.  Utah  Field  Or- 
nithologists sighted  five  birds  at  Josie  Morris 
Cabin,  Dinosaur  National  Monument,  and 
one  bird  at  SLWMA  15-16  May  1982  (Lep- 
pert  1982).  I  observed  it  along  Road  F  (Fig. 

1)  5-15  km  east  of  Ouray  in  desert  scrub  hab- 
itat near  agricultural  land  29  September  1978 
and  during  the  winter  of  1977-1978  (Fig.  2). 
The  Common  Raven,  like  the  American 
Crow,  is  less  common  in  Uintah  County  (Fig. 

2)  than  elsewhere  in  Utah  (Behle  and  Perry 
1975a,  Hayward  et  al.  1976).  I  frequently  ob- 
serve both  species  in  Duchesne  County  along 
U.S.  Highway  40.  Perhaps  they  are  more 
common  in  Duchesne  County  because  of  its 
closer  proximity  to  the  relatively  mesic  val- 
leys of  central  Utah. 

Paridae 

Black-capped  Chickadee  {Pants  atrica- 
pillus).  Common  both  in  1937  (Twomey 
1942)  and  now  (Fig.  2).  At  least  nine  sightings 
by  others  were  made  in  the  desert  region  of 
Uintah  Coimty  from  19-22  March  and  15 
May  to  26  August  in  1949,  1950,  1966,  1967, 
1974,  1981,  and  1982  (Behle  and  Ghisehn 
1958,  Behle  1981,  Leppert  1982,  D.  Chure, 
in  litt.).  I  observed  it  during  every  month  ex- 
cept January  but  saw  it  31  December  and  2 
February  and  consider  it  a  permanent  resi- 
dent (Fig.  2). 

Mountain  Chickadee  {Parus  gambeli).  Few 
sightings  have  been  made  of  it  in  the  desert 
region  of  Uintah  County.  In  an  area  includ- 
ing western  Uintah  County,  six  were  seen  23 
December  1952  (Crittenden  et  al.  1953).  A 
specimen  collected  at  the  C.C.C.  Crossing  of 
Hill  Creek  approximately  65  km  south  of 
Ouray  23  August  1961  (Behle  1981)  may 
have  occurred  in  the  desert  region  of  Uintah 
County.  Hayward  (1967)  stated  that  it  was 
"rather  common"  in  cottonwood  groves 
along  White  River  near  Bonanza  in  late  Sep- 
tember 1966.  It  was  observed  near  Josie  Mor- 
ris Cabin,  Dinosaur  National  Monument  by 
K.  Tniesdell  15  March  1974  and  by  W.  G. 
Tniesdell  29-30  March  1974  (D.  Chure,  in 
litt.).  I  observed  one  about  300  m  southeast  of 
the  Green  River  bridge  at  Ouray  (Figs.  1-2). 


Sittidae 

Red-breasted  Nuthatch  (Sitta  canadensis). 
Observed  at  Josie  Morris  Cabin,  Dinosaur 
National  Monument,  15  May  1982  (Leppert 
1982),  in  cottonwoods  near  Ouray  17  May 
1958  (Hayward  1967),  in  cottonwood  groves 
along  White  River  800  m  northwest  of  MFB 
21  May  1982  and  300  m  south  of  MFB  9  Sep- 
tember 1981  (site  9,  Figs.  1-2),  and  near  the 
confluence  of  Ashley  Creek  and  Green  River 
30  September  1937  (Twomey  1942). 

White-breasted  Nuthatch  {Sitta  caroli- 
nensis).  One  was  seen  in  an  area  including 
western  Uintah  County  31  December  1953 
(Killpack  et  al.  1954).  Another  was  collected 
from  the  Green  River  floodplain  near  Ouray 
17  May  1958  and  from  White  River  south  of 
Bonanza  19  September  1966  (Hayward 
1967).  Hayward  (1967)  noted  that  the  species 
was  common  in  cottonwood  groves  south  of 
Bonanza  in  May  1958,  when  individuals  ap- 
peared to  be  preparing  to  nest.  C.  Vigos,  a 
consultant  to  Tosco  Corporation,  reported 
that  she  observed  it  23  October  1976  (Fig.  2). 

Troglodytidae 

Canyon  Wren  {Salpinctes  mexicanus). 
Since  1937  (Twomey  1942)  all  sightings  or 
collections  of  it  except  one  (Behle  1981)  have 
been  made  in  Dinosaur  National  Monument. 
It  was  seen  there  by  Argante  1  June  1973  (D. 
Chure,  in  litt.),  B.  Ingber  9  July  1980  (D. 
Chure,  in  litt.),  D.  B.  Beard  in  July  and  Au- 
gust (including  12  August)  and  14  September 
1942  (Beidleman,  in  litt.)  and  was  heard  there 
by  J.  H.  Lombard  29  August  1945  (Beidle- 
man, in  litt.).  At  Split  Mountain  Camp- 
ground, Dinosaur  National  Monument,  it  was 
heard  26  August  1981  (Fig.  2)  and  seen  15  or 
16  May  1982  (Leppert  1982).  Also  at  Dino- 
saur National  Monument,  I  heard  one  on  a 
rock  face  approximately  50  m  high  near  a 
picnic  area  about  300  m  below  the  Green 
River  bridge  11  August  1981  (Fig.  2),  and 
Utah  Field  Ornithologists  saw  seven  at  Josie 
Morris  Cabin  15  or  16  May  1982  (Leppert 
1982). 

Bewick's  Wren  {Thryomanes  bewickii).  Ob- 
served at  SLWMA  and  along  Utah  Highway 
149  (Road  B,  Fig.  1)  between  Jensen  and  Di- 
nosaur National  Monument  (Behle  and  Perry 
1975a).  Other  sightings  and  collections  of  it 
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may  have  occurred  in  juniper-pinyon  habitat 
(Hayward  1967,  Killpack  and  Hayward 
1958),  although  the  observation  of  two  birds 
at  Cub  Creek  near  Josie  Morris  Cabin,  Dino- 
saur National  Monument,  15  May  1982  prob- 
ably did  not  (Leppert  1982,  D.  Chure,  pers. 
comm.). 

Marsh  Wren  {Cistothorus  palustris).  More 
common  (Fig.  2)  than  it  was  in  1937 
(Twomey  1942)  and  most  prevalent  at  site  3 
(Fig.  1). 

Muscicapidae 

Golden-crowned  Kinglet  {Regulus  so- 
trapa).  One  sighted  in  riparian  habitat  near 
ONWR  1  May  1982  by  M.  Lange,  D.  Chure, 
L.  Ferris,  and  N.  Howk  (M.  Lange,  pers. 
comm.). 

Ruby-crowned  Kinglet  {Regulus  calen- 
dula). Considered  by  Behle  (1981)  to  be  a 
common  permanent  resident  in  northeastern 
Utah  but  the  only  sighting  records  in  valleys 
that  he  provided  were  those  of  Twomey 
(1942).  It  is  less  common  now  (Fig.  2)  than  in 
1937,  when  Twomey  (1942)  saw  flocks  of 
10-30  during  migration.  In  the  desert  region 
of  Uintah  Coimty,  more  than  11  other  sight- 
ings were  made  18  April- 16  May  and  7  Oc- 
tober-10  November  in  1945,  1951,  1956, 
1957,  1975,  1976,  and  1982  (Anonymous 
1977,  Leppert  1982,  Beidleman,  in  litt.,  D. 
Chure,  in  litt.). 

Blue-gray  Gnatcatcher  {Polioptila  cae- 
rulea).  A.  C.  Lloyd  (Twomey  1942)  collected 
one  approximately  3  km  south  of  Jensen  20 
May  1935.  The  species,  although  uncommon, 
is  more  prevalent  now  (Fig.  2).  Not  many 
more  than  eight  sightings  were  made  26 
April-30  May  and  25  July  in  1956,  1957, 
1965,  1974,  1975,  and  1982  (Behle  1981, 
Leppert  1982,  Beidleman,  in  litt.,  D.  Chure, 
in  litt.).  In  1949  Weston  (1964)  reported  that 
"the  Uinta  Valley  near  Vernal"  was  at  the 
northern  boundary  of  the  Blue-gray  Gnat- 
catcher's  range.  Its  range  shifted  northward 
between  1937  and  1967.  In  1967  it  was  re- 
portedly a  common  summer  resident  in  the 
Uinta  Moimtain  Province  (Hayward  1967). 

Black-tailed  Gnatcatcher  {Polioptila  mela- 
niira).  One  was  reported  by  ornithologists 
with  the  White  River  Shale  Project  team  in 
sagebnish-greasewood,  riparian,  and  juniper 
habitats    during    April    and    August    1975 


(Anonymous  1977).  W.  G.  Truesdell  (D. 
Chure,  in  litt.)  reported  sighting  one  in  juni- 
per habitat  near  Josie  Morris  Cabin,  Dinosaur 
National  Monument,  14  May  1974. 

Mountain  Bluebird  {Sialia  currucoides). 
Considered  to  be  a  common  summer  resident 
in  Utah  (Behle  and  Perry  1975),  northeastern 
Utah  (Behle  1981),  and  the  oil  shale  region  of 
Uintah  County  (Behle  and  Perry  1975b).  It  is 
a  common  permanent  resident  in  the  desert 
region  of  Uintah  County  (Fig.  2).  Winter 
sightings  include  observations  of  2-13  in  an 
area  including  western  Uintah  County  during 
late  December  1951,  1952,  and  1954-1956 
(Crittenden  et  al.  1953,  1955,  Killpack  1957, 
Killpack  et  al.  1952,  1956)  and  observations 
of  one  on  Road  N  about  1  km  north  of  Fort 
Duchesne  20  January  1982,  near  MFB  8 
March  1979,  and  at  site  8  on  14  March  1980 
(Figs.  1-2). 

The  Mountain  Bluebird  is  less  common  in 
lowlands  than  formerly  due  to  disturbances 
by  Starlings  and  House  Sparrows  (Hayward 
1967,  Hayward  et  al.  1976).  During  its  pre- 
sumed nesting  season,  I  observed  the  species 
four  times.  In  May  1982,  J.  M.  Merino  and  J. 
Morehouse,  associates  of  the  author,  found  a 
nest  south  of  White  River  near  MFB  (site  9, 
Figs.  1-2). 

Townsend's  Solitaire  {Myadestes  town- 
sendi).  Reported  to  be  common  in  Utah 
(Behle  and  Perry  1975a)  and  northeastern 
Utah  (Behle  1981)  but  is  uncommon  in  the 
desert  region  of  Uintah  County  (Twomey 
1942,  Fig.  2).  In  an  area  including  western 
Uintah  County,  three  individuals  were  ob- 
served 27  December  in  1951  (Killpack  et  al. 
1952)  and  1956  (Killpack  1957).  It  was  seen 
along  White  River  at  the  mouth  of  Atchee 
Creek  25  May  1975  (Behle  1981)  and  collect- 
ed about  5  km  south  of  Bonanza  21  Septem- 
ber 1966  (Hayward  1967).  At  Dinosaur  Na- 
tional Monument,  one  was  observed  at 
Dinosaur  Quarry  Residential  Area  13  Febru- 
ary 1964  and  at  Cub  Creek  near  Josie  Morris 
Cabin  15  May  1982  (Leppert  1982,  D. 
Chure,  in  litt.).  C.  Vigos  observed  it  29  Octo- 
ber 1976  (Fig.  2).  I  observed  one  along  White 
River  in  cottonwood  groves  both  400  m  south 
and  800  m  northwest  of  MFB  and  also  at  site 
4  (Figs.  1-2). 

Veery  {Cathanis  fuscescens).  One  in  the 
Royal  Ontario  Museum  was  collected  at  Jen- 
sen in  July  1935  (Hayward  et  al.  1976).  I  saw 
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one  bird  in  a  cottonwood  grove  approx- 
imately 300  m  south  of  MFB  10  May  1978 
(Fig.  2). 

Swainson's  Thrush  {Catharus  ustulahis). 
Regarded  by  Behle  (1981)  as  a  common  sum- 
mer resident  showing  altitudinal  migration  in 
northeastern  Utah.  Sightings  of  it  in  the 
desert  region  of  Uintah  County  are  few.  A.  C. 
Lloyd  (Twomey  1942)  collected  one  at  what 
is  now  SLWMA  29  May  1935.  At  Dinosaur 
National  Monument  W.  G.  Truesdell  (D. 
Chure,  in  litt.)  sighted  one  at  Dinosaur  Quar- 
ry Residential  Area  5  May  1973,  and  Utah 
Field  Ornithologists  saw  one  in  Hog  Canyon 
near  Josie  Morris  Cabin  (possibly  in  the 
desert  region  of  Uintah  County)  15  May  1982 
(Leppert  1982,  D.  Chure,  pers.  comm.). 
Twice,  I  observed  one  along  White  River 
800-900  m  northwest  of  MFB  (Figs.  1-2). 

Hermit  Thrush  {Catharus  guttatus).  Evi- 
dently not  as  common  (Fig.  2)  as  in  1937 
(Twomey  1942).  Specimens  were  collected 
34  km  north  of  Green  River  24  May  1947 
(Behle  1981)  and  along  White  River  approx- 
imately 5  km  south  of  Bonanza  21  September 
1966  (Hayward  1967).  The  species  was  ob- 
served at  the  confluence  of  White  River  and 
Atchee  Creek  25  May  1975  (Behle  1981)  and 
at  Cub  Creek,  Dinosaur  National  Monument, 
by  N.  Howk  and  B.  Ingber  14  August  1981 
(D.  Chure,  in  litt.).  I  saw  one  in  a  cottonwood 
grove  near  White  River  about  800  m  north- 
west of  MFB  (Figs.  1-2). 

Mimidae 

Gray  Catbird  {Diwietella  carolinensis). 
Twomey  (1942)  reported  that  it  was  "numer- 
ous during  the  spring  migration"  in  1937  and 
that  four  pairs  nested  at  the  Ashley  Creek 
marshes  at  what  is  now  SLWMA.  A.  C. 
Lloyd  (Twomey  1942)  did  not  see  it  at  what 
is  now  SLWMA  in  1934  but  indicated  that  it 
was  common  there  in  1935.  In  the  vicinity  of 
the  Ashley  Creek  marshes,  a  juvenile  was  col- 
lected in  1935  and  seven  adults  in  1937 
(Twomey  1942).  Three  were  collected  at  two 
other  sites:  approximately  5  km  south  of  Ver- 
nal 9  July  1949  and  at  Merkley  Park  in  mon- 
tane-riparian habitat  16  km  north  of  Vernal 
21  June  1949  (Behle  and  Ghiselin  1958).  D. 
Chure  and  L.  Ferris  (pers.  comm.)  saw  one 
800  m  within  SLWMA  9  August  1981.  I  did 
not  observe  the  species. 


Northern  Mockingbird  {Mimus  poly- 
glottus).  Sightings  were  made  of  one  to  four 
on  several  occasions  1927-1937  (Twomey 
1942)  and  the  species  9  June  1953  and  16 
June  1954  (Killpack  and  Hayward  1958).  I 
observed  it  in  desert  habitat  near  site  10 
(Figs.  1-2).  T.  Tornow  and  M.  Lange  (pers. 
comm.)  saw  it  at  ONWR  from  spring  to  early 
summer  in  1979-1982  and  assumed  that  it 
nested  there  during  those  years.  Young  were 
seen  around  residences  at  ONWR  in  1977  (T. 
Tornow  pers.  comm.). 

Bendire's  Thrasher  {Toxostoma  bendirei).  A 
pair  of  birds  feeding  one  of  its  young  in  prox- 
imity to  Sage  Thrashers  was  observed  and 
photographed  by  A.  R.  Johnson  and  B.  H. 
Green  at  Coyote  Wash  17  km  northeast  of 
Bonanza  30  (or  31)  May-4  June  1980  (King- 
ery  1980b,  White  et  al.  1983).  E.  Sorenson 
and  R.  Sorenson  (Kingery  198  Id)  saw  two  at 
Randlett  7  July  1981. 


Motacillidae 

Water  Pipit  {Anthus  spinoletta).  Seen  by 
Twomey  (1942)  on  mud  flats  of  Ashley  Creek 
and  Green  River  at  what  is  now  SLWMA 
during  1-26  May  and  20-29  September  1937. 
In  an  area  including  part  of  western  Uintah 
County,  M.  L.  Killpack  and  associates  ob- 
served 27  on  29  December  1955  (Killpack  et 
al.  1956),  2  on  27  December  1956  (Killpack 
1957),  and  one  on  29  December  1958  (Kill- 
pack  1959).  J.  Metz  observed  it  at  ONWR  2 
April  1981  and  C.  Vigos  reportedly  saw  it  29 
April,  13  May,  23  October,  and  5-6  Novem- 
ber 1976  (Fig.  2). 


Bombycillidae 

Bohemian  Waxwing  {Bombijcilla  garruhis). 
Behle  (1981)  indicated  that  in  northeastern 
Utah  it  is  generally  a  common  but  erratic 
winter  visitant.  In  an  area  including  western 
Uintah  County,  61  were  observed  27  Decem- 
ber 1956  (Killpack  1957)  and  780  were  seen 
29  December  1958  (Killpack  1959).  At  site  4 
(Fig.  1),  I  observed  a  flock  in  1979  and  1980 
(Fig.  2). 


Laniidae 

Northern   Shrike  (Lanius  excubitor).  Seen 
18  March  1966  and  22  March  1967  (Behle 
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1981)  and  31  December  1981  and  12  January 
1982  (Fig.  2).  In  an  area  including  part  of 
western  Uintah  County,  it  was  observed  27 
December  1956  (four,  Killpack  1957),  29  De- 
cember 1958  (two,  Killpack  1959),  and  31 
December  1957  (four,  Killpack  1958). 

Loggerhead  Shrike  {Laniiis  ludovicianus). 
Least  common  during  winter.  In  an  area  in- 
cluding part  of  western  Uintah  County,  it 
was  seen  during  late  December  1951-1956 
(Crittenden  et  al.  1953,  1955,  Killpack  1957, 
Killpack  et  al.  1952,  1954,  1956).  I  saw  this 
common  permanent  resident  during  midwin- 
ter 28  January,  as  well  as  in  other  periods 
(Fig.  2). 

Vireonidae 

Gray  Vireo  {Vireo  vicinior).  Reported  in 
Dinosaur  National  Monument  at  Josie  Morris 
Cabin  by  J.  C.  Sinclear  18  May  1979  and 
along  Cub  Creek  between  the  petroglyph  site 
and  Josie  Morris  Cabin  by  D.  Chure  and  L. 
Ferris  5  July  1981  (D.  Chure,  in  litt.). 

Warbling  Vireo  (Vireo  gilviis).  Reported  to 
be  a  common  summer  resident  in  the  willows 
and  cottonwoods  of  riparian  floodplains  as 
well  as  in  mountains  (Hayward  1967,  Behle 
1981).  In  the  desert  region  of  Uintah  County 
it  is  an  uncommon  migrant  (Twomey  1942, 
Fig.  2).  One  was  collected  along  White  River 
8  km  east  of  Bonanza  26  May  1974  and  at 
ONWR  22  August  1962  (Behle  1981).  In  trees 
about  Dinosaur  Quarry  Residential  Area, 
Beidleman  (in  litt.)  observed  a  pair  for  sever- 
al days  prior  to  and  on  30  April  1956,  and  N. 
Howk  sighted  it  25  August  and  1 1  September 
(with  B.  Ingber)  1981  and  22  May  1982  (D. 
Chure,  in  litt.).  Utah  Field  Ornithologists  saw 
3  at  Josie  Morris  Cabin,  Dinosaur  National 
Monument  (possibly  in  the  desert  region  of 
Uintah  Coimty),  15  May  1982.  I  observed  10 
along  White  River  900  m  northwest  of  MFB 
and  the  species  800  m  northwest  of  MFB  (site 
9,  Figs.  1-2). 

Philadelphia  Vireo  (Vireo  philadelphictis).  I 
observed  it  in  a  tamarix  bush  near  White  Riv- 
er approximately  1.3  km  southwest  of  MFB 
(40°01'N,  109°28'W)  25  September  1979  and 
in  a  Cottonwood  tree  450  m  south  of  MFB 
(40°02'N,  109°27'W)  27  September  1979 
(site  9,  Figs.  1-2).  It  was  reported  at  Salt 
Lake  City,  Salt  Lake  County,  15  September 
1964  (Scott  1965),  in  1966  (Scott  1969),  and 


22  September  1968  (Scott  1969).  The  first  re- 
cord of  it  in  Nevada  occurred  6  May  1981 
when  C.  Lawson  (Kingery  1981c)  saw  one  at 
a  bird  bath  in  Las  Vegas. 

Red-eyed  Vireo  (Vireo  olivaceus).  Twomey 
(1942)  heard  it  almost  every  day  29  May-9 
June  1937  and  observed  it  20-28  September 
1937  apparently  at  what  is  now  SLWMA.  He 
collected  one  about  6.5  km  south  of  Jensen 
(Twomey  1942).  Since  1937  the  only  report 
of  the  species  in  the  desert  region  of  Uintah 
County  was  on  the  federal  oil  shale  tracts  U-a 
and  U-b  in  riparian  habitat  in  June  1975 
(Anonymous  1977).  B.  Webb  (Kingery  1979b) 
heard  and  possibly  observed  one  bird  at  Di- 
nosaur National  Monument  31  May  1979,  but 
it  probably  occurred  in  Colorado. 

Emberizidae 

Tennessee  Warbler  (Vermivora  peregrina). 
One  was  reported  at  Josie  Morris  Cabin,  Di- 
nosaur National  Monument,  by  D.  Chure,  L. 
Ferris,  M.  Leppert,  and  J.  Burns  15  May  1982 
(Leppert  1982,  D.  Chure,  pers.  comm.). 

Orange-crowned  Warbler  (Vermivora  ce- 
lata).  At  what  is  now  SLWMA,  Twomey 
(1942)  saw  four  10  May  1937  and  a  few  25 
September  1937.  One  was  collected  29  Sep- 
tember 1937  from  a  small  flock  of  five  occur- 
ring in  dense  willows  and  cottonwoods  on  the 
Ashley  Creek  floodplain  immediately  south 
of  the  Ashley  Creek  marshes  (Twomey  1942). 
In  Dinosaur  Quarry  Residential  Area  L.  M. 
King  (D.  Chure,  in  litt.)  sighted  it  in  shrubs 
30  April  1975.  Utah  Field  Ornithologists  saw 
four  at  Josie  Morris  Cabin,  Dinosaur  National 
Monument,  15  May  1982  (Leppert  1982).  I 
observed  one  both  250  and  500  m  south  of 
MFB  and  also  at  ONWR  (Figs.  1-2). 

Virginia's  Warbler  (Vermivora  virginiae). 
Apparently  less  common  (Fig.  2)  than  it  was 
in  1937  (Twomey  1942).  In  Dinosaur  Nation- 
al Monument,  N.  Howk  (D.  Chure,  pers. 
comm.)  sighted  two  along  Cub  Creek  14  Au- 
gust 1981,  and  J.  C.  Sinclear  (D.  Chure,  in 
litt.)  observed  the  species  at  a  stream  bed 
along  Red  Rock  Nature  Trail  16  May  1979 
and  in  deciduous  trees  at  Josie  Morris  Cabin 
18  May  1979.  At  the  latter  site,  Utah  Field 
Ornithologists  saw  four  15  May  1982  (Lep- 
pert 1982).  D.  Chure  and  L.  Ferris  (pers. 
comm.)  observed  it  in  thickets  along  the  road 
in  SLWMA  6  August  1981.  I  saw  it  about 
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400  m  south  of  MFB  in  tamarix  bushes,  600 
m  northwest  of  MFB  in  cottonwoods,  and 
along  Brush  Creek  at  site  1  (Figs.  1-2). 

Yellow-rumped  Warbler  (Dendroica  coro- 
nata).  Although  a  common  migrant  in  the 
desert  region  of  Uintah  County,  it  is  less 
abundant  now  (Fig.  2)  than  in  1937  (Twomey 
1942).  Behle  (1981)  indicated  that  it  is  a  mi- 
grant in  desert  scrub  as  well  as  lowland  ripa- 
rian and  pinyon-juniper  habitats,  but  I  saw 
only  one  in  desert  scrub  habitat  during  five 
years.  Utah  Field  Ornithologists  reportedly 
saw  a  member  of  the  Myrtle  subspecies  at 
SLWMA  15  or  16  May  1982  (Leppert  1982). 

Townsend's  Warbler  {Dendroica  toivn- 
sendi).  I  observed  one  in  the  upper  canopy  of 
a  Cottonwood  tree  near  White  River  about 
300  m  south  of  MFB  11  September  1981  (site 
9,  Figs.  1-2).  D.  Chure,  J.  Burns,  and  M.  Lep- 
pert sighted  one  at  Josie  Morris  Cabin,  Dino- 
saur National  Monument,  15  May  1982  (Lep- 
pert 1982,  D.  Chure,  pers.  comm.). 

American  Redstart  {Setophaga  ruticilla). 
Twomey  (1942)  observed  a  pair  20  Septem- 
ber 1937  in  dense  willows  at  what  is  now 
SLWMA,  where  a  specimen  was  collected  by 
A.  C.  Lloyd  20  August  1935.  W.  G.  Truesdell 
(D.  Chure,  in  litt.)  observed  it  at  Dinosaur 
Quarry  Residential  Area,  Dinosaur  National 
Monument,  19  September  1973.  One  was  col- 
lected at  the  confluence  of  Atchee  Creek  and 
White  River  25  May  1975  (Behle  1981)  and 
observed  in  spring  1981  at  ONWR  (M. 
Lange,  pers.  comm.). 

MacGillivray's  Warbler  {Oporornis  tol- 
miei).  Behle  (1981)  indicated  that  in  north- 
eastern Utah  it  is  a  common  summer  resident 
that  may  occur  anywhere  in  the  lowlands,  in- 
cluding desert  scrub  vegetation,  during  mi- 
gration. One  was  collected  about  5  km  south 
of  Venial  27  August  1949  (Behle  and  Ghiselin 
1958).  The  migrant  population  of  the  species 
in  the  desert  region  of  Uintah  County  has  de- 
creased considerably  since  1937  (Twomey 
1942,  Fig.  2).  In  Dinosaur  National  Mon- 
ument a  male  was  seen  in  bushes  behind  the 
Dinosaur  Quarry  Apartments  by  J.  Freilich 
14  September  1978  and  two  were  observed 
in  box  elder  trees  and  underbrush  at  Cub 
Creek  near  Josie  Morris  Cabin  by  N.  Howk 
29  August  1981  (D.  Chure,  in  litt.).  I  ob- 
served one  in  shrubbery  along  the  diked  road 
at  SLWMA  and  in  a  cottonwood  grove  ap- 
proximately 200  m  south  of  MFB  (Figs.  1-2). 


Common  Yellowthroat  {Geothlypis 
trichas).  Apparently  less  common  now  (Fig. 
2)  than  it  was  in  1937  (Twomey  1942). 

Wilson's  Warbler  {Wilsonia  pusilla).  Evi- 
dently less  common  now  (Fig.  2)  than  in  1937 
(Twomey  1942)  in  the  desert  region  of  Uin- 
tah County  but,  both  in  the  1930s 
(1934-1935  compared  with  1937)  and  in  re- 
cent years  (1977-1980  compared  with  1981), 
its  abundance  during  migration  has  varied 
markedly  among  years  (Twomey  1942,  Fig. 
2).  In  the  desert  region  of  Dinosaur  National 
Monument,  Wilson's  Warbler  was  observed 
on  11  different  days  15  May-7  June  and  1 
September-9  October  in  1950,  1973,  1981, 
and  1982  (Leppert  1982,  Beidleman,  in  litt., 
D.  Chure,  in  litt.).  Other  sightings  in  the 
desert  region  of  Uintah  County  were  also 
made  in  May,  June,  September,  and  October 
in  1948  and  1974-1976  (Behle  and  Ghiselin 
1958,  Hayward  1967,  Anonymous  1977, 
Behle  1981,  Leppert  1982). 

Yellow-breasted  Chat  {Icteria  virens).  In 
the  desert  region  of  Uintah  County  more 
than  16  sightings  of  it  were  made  15  May-24 
August  in  1949,  1966,  1973-1976,  1981,  and 
1982  (Behle  and  Ghiselin  1958,  Anonymous 
1977,  Behle  1981,  Leppert  1982,  D.  Chure, 
in  litt.),  but  it  seems  to  be  less  common  now 
(Fig.  2)  than  it  was  in  1937  (Twomey  1942). 
It  is  more  prevalent  at  Hill  and  Willow 
Creeks  than  at  White  and  Green  Rivers. 
Along  White  River  it  occurred  only  where 
the  river  bordered  abruptly  with  thickets. 

Western  Tanager  (Pironga  ludoviciana). 
Behle  (1981)  noted  that  in  northeastern  Utah 
it  occurs  widely  in  lowland  woods  during  mi- 
gration. According  to  both  Twomey 's  (1942) 
study  and  mine  (Fig.  2),  it  is  an  uncommon 
migrant  in  the  desert  region  of  Uintah  Coun- 
ty. More  than  10  other  sightings  of  the  West- 
ern Tanager  were  made  there  from  15  May 
or  earlier  that  month  to  31  May  and  during 
August,  including  24  August  1895,  1957, 
1975,  1976,  1979,  and  1982  (Behle  1981, 
Leppert  1982,  Beidleman,  in  litt.,  D.  Chure, 
in  litt.).  Hayward  (1967)  remarked  that 
spring  migrants,  usually  in  pairs,  were  seen  in 
streamside  woods  in  the  Uinta  Basin  2  June 
and  22  July,  suggesting  that  perhaps  some 
members  nest  in  lowlands  there.  In  Vernal,  I 
saw  a  male  5  June  1982;  near  White  River 
700-850  m  northwest  of  MFB,  I  observed 
several  2  June  and  one  female  16  June  1981 
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(Figs.  1-2).  However,  the  Western  Tanager 
was  not  seen  northwest  of  MFB  23  June  and 
was  not  observed  in  any  part  of  the  desert  re- 
gion of  Uintah  County  in  July.  Twomey 
(1942)  observed  fall  migrants  in  scattered  lo- 
cations during  tlie  first  two  weeks  of  Septem- 
ber 1937,  but  the  latest  that  I  saw  the  species 
was  11  August  (Fig.  2). 

Black-headed  Grosbeak  (Pheucticiis  mela- 
nocephalus).  Reported  to  be  rather  common 
(Hayward  1967)  or  common  (Behle  1981)  in 
lowland  riparian  woodlands,  mountains,  and 
ornamental  trees  in  parks  or  around  homes.  I 
never  saw  it  in  my  yard.  There  has  been  a 
marked  decline  in  its  incidence  in  the  desert 
region  of  Uintah  County  since  1937 
(Twomey  1942,  Fig.  2),  perhaps  due  to  the 
reduction  of  its  wintering  habitat  in  Mexico 
(Austin  1968),  where  the  human  population  is 
burgeoning.  I  observed  a  female  at  ONWR 
west  of  Woods  Bottom  Pond  and  on  the 
Green  River  floodplain  600  m  southwest  of 
the  Green  River  bridge  at  Ouray  (Fig.  2).  At 
least  10  sightings  were  made  in  the  desert  re- 
gion of  Uintah  County  15  May-4  June  or  lat- 
er that  month  and  from  9  August  or  later  that 
month  to  6  September  1950,  1957,  1974, 
1975,  1977,  and  1980-1982  (Anonymous 
1977,  Behle  1981,  Leppert  1982,  Beidleman, 
in  litt.,  D.  Chure,  in  litt.). 

Blue  Grosbeak  {Guiraca  caenilea).  Now 
well  distributed  in  the  low  valleys  of  north- 
em  Utah  due  to  the  recent  northward  exten- 
sion of  its  range  (Hayward  et  al.  1976). 
Twomey  (1942)  did  not  see  it  in  1937.  I  ob- 
served it  at  the  confluence  of  Bitter  Creek 
and  White  River,  along  White  River  between 
the  West  Fork  of  Saddle  Tree  Draw  and 
MFB  (Route  15),  at  sites  9  and  10,  along 
Road  K,  at  SLWMA,  ONWR,  and  the  north 
end  of  Split  Mountain  Campground,  Dino- 
saur National  Monument  (Figs.  1-2).  More 
than  12  other  sightings  were  made  5  June- 12 
September  1950,  1951,  1967,  1973-1976, 
1980,  and  1981  (Behle  and  Selander  1952, 
Behle  1981,  D.  Chure,  in  litt.,  D.  Chure  and 
L.  Ferris,  pers.  comm.). 

Lazuli  Bunting  {Passerma  amoena).  Hay- 
ward et  al.  (1976)  noted  that  it  occurs  from 
early  May  to  early  September  in  Utah,  and 
Behle  and  Perry  (1975a)  indicated  that  it  ex- 
ists there  17  April- 15  September.  I  observed 
it  in  riparian  habitat  of  Uintah  County  30 
April-26  September  (Fig.  2). 


Indigo  Bunting  {Passerina  cijanea).  An 
adult  male  bird  atop  a  box  elder  tree  at  Cub 
Creek  in  Dinosaur  National  Monument  was 
observed  by  J.  C.  Oliphant  (a  federal  bird 
bander)  and  M.  Oliphant  7  July  1976  (D. 
Chure,  in  litt.).  A  male  calling  from  a  branch 
of  a  Cottonwood  tree  about  9  m  above  the 
ground  along  Green  River  approximately  7 
km  southwest  of  Ouray  was  observed  by  S. 
Madsen  (pers.  comm.)  for  about  10  minutes 
27  May  1980. 

Green-tailed  Towhee  {Pipilo  chlorurus). 
Except  for  Twomey 's  (1942)  observations, 
only  one  published  record  of  it  in  the  desert 
region  of  northeastern  Utah  had  been  made 
(Behle  1981).  It  is  evidently  less  common 
now  (Fig.  2)  than  in  1937  (Twomey  1942). 
Since  1937  in  the  desert  region  of  Uintah 
County,  more  than  11  sightings  were  made 
from  April  to  6  June  and  on  14  August  and 
another  day  or  days  that  month  in  1943, 
1945,  1951,  1975,  1976,  1981,  and  1982 
(Anonymous  1977,  Behle  1981,  Leppert 
1982,  Beidleman,  in  litt.,  D.  Chure,  in  litt.).  I 
observed  it  at  site  9  and  on  the  Green  River 
floodplain  100-700  m  southwest  of  the  Green 
River  bridge  at  Ouray  (Fig.  1). 

Rufous-sided  Towhee  {Pipilo  enjtJiroph- 
thahnus).  Twomey  (1942)  did  not  see  it  be- 
tween May  and  mid-September  in  1937,  but  I 
observed  it  many  times  during  its  nesting  sea- 
son (Fig.  2).  More  than  26  other  sightings 
were  made  in  the  desert  region  of  Uintah 
County  18  March-5  September  in  1895, 
1942,  1947,  1950,  1951,  1956,  1957, 
1965-1967,  1973-1975,  1978,  and  1982 
(Behle  1981,  Leppert  1982,  Beidleman,  in 
litt.,  D.  Chure,  in  litt.). 

American  Tree  Sparrow  (Spizella  arhorea). 
Apparently  less  common  now  (Fig.  2)  than  in 
the  early  and  mid-1950s  when  M.  L.  Killpack 
and  associates  on  Audubon  Christmas  counts 
in  an  area  including  part  of  western  Uintah 
County  saw  100  birds  in  1951  (Killpack  et  al. 
1952),  211  in  1952  (Crittenden  et  al.  1953), 
81  in  1953  (Killpack  et  al.  1954),  459  in  1954 
(Crittenden  et  al.  1955),  73  in  1955  (Killpack 
et  al.  1956),  and  178  in  1956  (Killpack  1957). 
They  observed  only  6  in  1957  (Killpack  1958) 
and'3  in  1958  (Killpack  1959).  On  an  Audu- 
bon bird  count  in  the  Jensen  area  26  Decem- 
ber 1982,  10  were  seen  (D.  Chure  and  L.  Fer- 
ris, pers.  comm.). 
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Chipping  Sparrow  (Spizella  passerina). 
Evidently  not  as  common  in  the  desert  region 
of  Uintah  County  (Fig.  2)  as  in  1937,  when 
Twomey  (1942)  saw  flocks  comprising  as 
many  as  200  birds.  At  least  9  sightings  were 
made  there  by  other  observers  15  May-23 
June  and  5  August-30  September  in  1949, 
1957,  1973,  1974,  and  1982  (Behle  1981, 
Leppert  1982,  Beidleman,  in  litt.,  D.  Chure, 
in  htt.).  I  sighted  the  species  at  site  9  and  at 
SLWMA  (Fig.  2). 

Brewer's  Sparrow  {Spizella  breweri).  In  this 
study,  it  was  observed  only  as  late  as  19  Sep- 
tember (Fig.  2).  Twomey  (1942)  observed  it 
imtil  30  September,  when  his  investigation 
ended. 

Vesper  Sparrow  {Pooecetes  gramineus). 
Hayward  et  al.  (1976)  stated  that  it  is  a  com- 
mon species  in  Utah  that  nests  in  sagebrush 
habitat,  particularly  in  high  valleys,  where  it 
exists  in  the  same  habitat  as  the  equally  com- 
mon Brewer's  Sparrow.  Hayward  (1967)  re- 
marked that  it  breeds  throughout  the  upper 
Colorado  River  basin,  where  it  prefers  to  nest 
in  desert  shrubs  of  low  to  medium  height. 
Behle  (1981)  indicated  that  in  northeastern 
Utah,  it  breeds  from  elevations  1980-3200  m. 
Twomey  (1942)  stated  that  it  was  the  "most 
uniformly  distributed  bird  "  in  the  Uinta  Ba- 
sin in  1937.  Fledglings  barely  able  to  fly  were 
observed  24  km  southwest  of  Vernal  12  June 
1937  (Twomey  1942). 

Most  of  my  observations  of  the  species 
were  made  in  April.  Spring  sightings  not 
made  then  occurred  at  site  11  30  March 
1978,  site  12  14  May  1980,  and  site  14  13  and 
14  June  1979  (Figs.  1-2).  At  site  14,  it  was 
not  seen  after  14  June  or  before  13  June  and 
did  not  nest  there.  I  did  not  see  it  between  14 
Jime  and  14  September  (Fig.  2).  One  was  col- 
lected 16  km  south  of  Ouray  27  July  1967, 
however  (Behle  1981).  On  the  Roan  Plateau 
of  western  Colorado  between  2440  and  3050 
m,  it  was  the  most  common  species  in  snow- 
berry-sagebrush  habitat  (Cook  1981).  Bre- 
wer's Sparrow  was  sparse  there  (Cook  1981). 
Within  the  arid  region  of  northeastern  Utah 
and  northwestern  Colorado  during  summer. 
Brewer's  Sparrows  frequent  deserts  and  Ves- 
per Sparrows  prefer  mountains.  In  the  desert 
region  of  Uintah  County,  the  species  is  less 
common  now  (Fig.  2)  than  it  was  in  1937, 
when  it  nested  there  (Twomey  1942). 


Black-throated  Sparrow  {Amphispiza  hili- 
neata).  Hayward  (1967)  noted  that  in  the  up- 
per Colorado  River  valley  it  occurred  2 
May-mid-August  in  areas  where  shadscale 
and  low  rabbitbrush  predominate.  It  was  re- 
ported at  the  federal  oil  shale  tracts  U-a  and 
U-b  in  shadscale,  juniper,  and  riparian  habi- 
tats from  April  to  August  of  1975  and  1976 
(Anonymous  1977).  At  TIOS,  R25E,  Sec.  19, 
Strong  (Olsen  1973)  saw  two  in  desert  scrub 
habitat  sometime  between  24  May  and  26 
June  1973.  At  Dinosaur  National  Monument, 
it  was  sighted  at  Green  River  Campground 
by  both  Argante  1  June  1973  and  N.  Stephan 
7  June  1973,  atop  a  sagebrush  at  Prophecy  in 
Stone  southeast  of  the  Dinosaur  Quarry  Vis- 
itor Center  by  J.  Graham  10  July  1979,  and 
on  the  Red  Rock  Nature  Trail  (possibly  in  the 
desert  region  of  Uintah  County)  by  B.  Ingber 
12  August  1981  (D.  Chure,  in  litt.). 

In  this  study  avian  populations  were  very 
small  (unpubl.  data)  at  site  12  (Fig.  1),  but  in 
June  1979  several  immature  and  adult  Black- 
throated  Sparrows  constituted  the  most  com- 
mon species  there.  Apparently  they  nested 
there  or  nearby.  None  were  observed  along 
another  transect  at  site  14  (Fig.  1)  existing 
along  a  wash  with  vegetation  dominated  by 
greasewood.  It  was  seen  once  in  greasewood 
habitat  in  Sand  Wash  (site  10,  Fig.  1),  how- 
ever. Although  it  was  observed  during  the 
summers  of  1978-1980  in  the  present  study, 
it  was  not  seen  in  summer  1981.  Uintah 
County  is  near  the  northern  boundary  of  its 
range,  and  in  1981  apparently  not  many  birds 
migrated  as  far  north  as  White  River  in  Uin- 
tah County.  Perhaps  Lloyd  and  Twomey 
(Twomey  1942)  did  not  observe  it  in  1937  be- 
cause its  range  did  not  extend  as  far  north 
then  as  it  generally  has  in  recent  years. 

Sage  Sparrow  (Amphispiza  belli).  Reported 
to  be  uncommon  (Behle  and  Perry  1975a,b, 
Behle  1981),  "rather  uncommon"  (Hayward 
1967),  or  sparse  (Hayward  et  al.  1976)  in 
Utah.  In  western  Colorado,  it  is  reported  to 
be  a  common  resident  of  sagebrush  habitat 
(Bailey  and  Niedrach  1965),  and  I  found  it  to 
be  the  same  in  the  desert  scrub  habitat  of 
Uintah  County  (Fig.  2).  It  is  at  least  as  com- 
mon there  now  (Fig.  2)  as  in  1937  (Twomey 
1942)  and  is  more  prevalent  there  than  in 
Utah  generally  (Hayward  1967,  Behle  and 
Perry  1975a,  Hayward  et  al.  1976,  Behle 
1981). 
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During  their  nesting  period,  Sage  Sparrows 
at  Kennedy  Basin  (40°05'N,  109°17'W)  18 
km  northwest  of  Bonanza,  preferred  to  in- 
habit what  Green  (1981)  considered  to  be 
mixed  shrub-sand  dune  communities.  He 
noted  that  sagebrush -grease  wood  and  sal- 
tbush-bud  sagebrush  communities  adjacent 
to  a  mixed  shrub-sand  dune  community  were 
seldom  used  by  the  birds.  Green  (1981)  in- 
dicated that  it  selected  habitat  containing 
large,  sparsely  distributed  shrubs  where  there 
was  little  forb  and  litter  cover.  All  ground 
nests  were  in  depressions  beneath  clumps  of 
rabbitbnish  and  elevated  nests  were  in  shrubs 
at  a  mean  height  of  26  cm  (Green  1981). 
Over  1979  and  1980,  95%  of  the  young 
fledged  (Green  1981).  Miller  (1968)  stated 
that  during  late  summer.  Sage  Sparrows  con- 
gregate while  experiencing  their  postnuptial 
molt  and  that  flocks  wander  in  fall.  Green 
(1981)  remarked  that  small  groups  of  juve- 
niles from  supposed  first  clutches  flocked  in 
July  and  joined  adults  and  presumed  juveniles 
from  second  clutches  in  late  August.  How- 
ever, these  behaviors  do  not  constitute  major 
flocking  among  the  species.  That  occurs  in 
October  when  large  congregations  are 
formed,  particularly  along  washes  where 
greasewood  predominates.  Large  migratory 
flocks  also  occur  in  the  deserts  of  Uintah 
County  in  March.  Of  the  migrant  sparrows 
that  nest  in  the  desert  region  of  Uintah  Coun- 
ty, the  Sage  Sparrow  is  the  first  to  arrive  and 
the  last  to  leave  (Fig.  2). 

Lark  Bunting  {Calamospiza  melanocorijs). 
More  than  26  sightings  were  made  in  Uintah 
Coimty  diu-ing  15-31  May  and  throughout 
June  in  1950,  1952,  1953,  1966,  1979,  and 
1982  (Killpack  1951,  Porter  and  Egoscue 
1954,  Behle  and  Ghiselin  1958,  Anonymous 
1977,  Kingery  1979b,  Behle  1981,  Leppert 
1982,  Fig.  2). 

At  Kennedy  Basin  (40°05'N,  109°17'W), 
18  km  northwest  of  Bonanza,  Lark  Buntings 
arrived  on  16  May  and  departed  on  6  August 
in  1979  and  arrived  14  May  and  departed  10 
August  in  1980  (Johnson  1981).  The  birds  ex- 
isted at  a  density  of  about  0.6/ha  at  a  male  to 
female  ratio  of  approximately  3:1.  Excess 
males  served  as  nest  helpers  in  feeding  nest- 
lings (Johnson  1981).  In  1979  all  nests  were 
confined  to  one  area,  but  in  1980  nests  were 
clumped  in  groups  of  four  or  five.  In  1980, 
all  nests  were  destroyed  by  trucks  involved  in 


oil  and  natural  gas  operations  (Johnson  1981). 
At  Kennedy  Basin  the  species  utilized  open, 
low  desert  shrub  habitat  (average  height  6-30 
cm)  86%  of  the  time  (Johnson  1981).  Males 
frequented  greasewood  habitat  10  times  more 
often  than  females  (Johnson  1981). 

Savannah  Sparrow  {Passerculus  sand- 
wichensis).  Much  less  common  (Fig.  2)  than  it 
was  in  1937  (Twomey  1942).  I  observed  it 
along  Green  River  adjacent  to  desert  scrub 
habitat  approximately  250  m  downstream 
from  the  Green  River  bridge  at  Dinosaur  Na- 
tional Monument,  near  White  River  about 
1.3  km  southwest  of  MFB,  at  SLWMA,  site  1, 
and  along  the  northwest  shore  of  Pelican 
Lake  near  a  diked  marsh  (Figs.  1-2).  Utah 
Field  Ornithologists  observed  one  bird  at 
ONWR  and  Pelican  Lake  15-16  May  1982 
(Leppert  1982). 

Song  Sparrow  (Melospiza  melodia). 
Twomey  (1942)  stated  that  during  7  May-30 
June  1937,  it  bred  in  dense  willows  along 
Green  River  and  its  tributaries  in  the  vicinity 
of  Jensen.  Since  1937  there  has  been  no  spe- 
cific sighting  record  of  it  between  April  and 
September  in  the  desert  region  of  Uintah 
County  (Fig.  2)  except  15  May  1982  at  Josie 
Morris  Cabin,  Dinosaur  National  Monument 
(possibly  in  the  desert  region  of  Uintah  Coun- 
ty; Leppert  1982).  Behle  (1981)  noted  that 
the  Song  Sparrow  often  wintered  in  desert 
scrub  habitat.  I  performed  extensive  transect 
surveys  (unpubl.  data)  in  that  habitat  in  all 
seasons  and  saw  it  there  only  once.  In  the 
desert  region  of  Uintah  County,  it  prefers 
thickets  along  marshes  (particularly  at 
SLWMA)  but  also  occurs  near  streams  and 
lakes. 

Lincoln's  Sparrow  {Melospiza  lincolnii). 
One  was  observed  in  front  of  the  headquar- 
ters of  Dinosaur  National  Monument  5  May 
1956  by  J.  M.  Good,  who  had  heard  several 
birds  some  weeks  before  that  date  in  Bug 
Draw  above  the  headquarters  (Beidleman,  in 
litt.).  The  species  was  sighted  at  the  con- 
fluence of  White  and  Green  rivers  22  March 
1967  (Behle  1981).  Specimens  were  collected 
at  ONWR  2  April  1963  and  at  White  River  8 
km  east  of  Bonanza  26  May  1974  (Behle 
1981).  In  1937,  birds  were  observed  at  what 
is  now  SLWMA  during  1-15  May  and  1-30 
September,  particularly  20  September 
(Twomey  1942).  It  is  less  common  now  (Fig. 
2).  I  observed  it  600  m  southwest  of  MFB, 
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twice  400-500  m  south  of  MFB,  at  SLWMA, 
along  the  north  shore  of  Pelican  Lake,  and 
three  times  at  ONWR  (Figs.  1-2). 

White-throated  Sparrow  {Zonotrichia  alhi- 
coUis).  An  immature  was  banded  at  ONWR 
by  C.  Clemens  and  M.  Lange  in  November 
1982  (M.  Lange,  pers.  comm.). 

White-crowned  Sparrow  {Zonotrichia  leii- 
cophnjs).  I  saw  it  14  September-21  May  (Fig. 
2).  Hayward  et  al.  (1976)  noted  that  Z.  /. 
oriantha  is  the  breeding  subspecies  in  Utah 
and  that  Z.  /.  gamhelii  is  more  common  than 
Z.  /.  oriantha  in  winter.  However,  in  the 
desert  region  of  Uintah  County,  Z.  /.  oriantha 
was  always  more  common. 

Harris'  Sparrow  {Zonotrichia  qiierida). 
Killpack  (1958)  saw  15  on  31  December 
1957,  but  they  probably  were  members  of  a 
flock  in  Duchesne  County  that  was  seen  28 
December  1957  (Killpack  and  Hayward 
1958).  D.  Thompson  (D.  Chure,  in  litt.)  ob- 
served one  at  Dinosaur  Quarry  Residential 
Area  8  May  1965.  I  observed  one  among  a 
small  flock  of  Dark-eyed  Juncos  in  cotton- 
woods  near  White  River  about  1.7  km  south- 
west of  MFB  (site  9)  and  one  twice  at  site  1 
(Fig.  2). 

Dark-eyed  Junco  {Junco  hijemalis).  Al- 
though it  is  common  in  the  desert  region  of 
Uintah  County  (Fig.  2),  it  is  evidently  not  as 
abmidant  as  it  was  in  1937  (Twomey  1942).  It 
was  observed  at  Dinosaur  National  Mon- 
ument as  late  as  1  June  in  spring  and  as  early 
as  22  September  in  fall  (Beidleman,  in  litt., 
D.  Chure,  in  litt.).  On  an  Audubon  Christmas 
bird  coimt  in  the  Jensen  area,  58  /.  h.  hijem- 
alis and  48  /.  h.  montanus  were  reported  26 
December  1982  (D.  Chure  and  L.  Ferris, 
pers.  comm.).  Twomey  (1942)  indicated  that 
in  1937  the  subspecies  /.  h.  caniceps  was 
abiuidant  in  lowland  riparian  areas  through- 
out May  and  during  25-30  September.  Four 
members  of  that  subspecies  were  seen  on 
Green  River  south  of  Jensen  5  August  1937 
(Twomey  1942).  In  this  study  /.  h.  caniceps 
was  not  seen  in  the  desert  region  of  Uintah 
County.  It  was  the  only  subspecies  that  I  ob- 
served on  the  Roan  Plateau  of  western  Colo- 
rado (el.  2440-3050  m)  during  summer  (Cook 
1981). 

McCown's  Longspur  {Calcarius  mccownii). 
One  was  reported  at  Green  River  Camp- 
groimd,  Dinosaur  National  Monument,  by  N. 
Stephan  7  June  1973  (D.  Chure,  in  litt.). 


Icteridae 

Red-winged  Blackbird  {Agelaitis  phoe- 
niceiis).  In  Uintah  County  it  is  much  less 
prevalent  in  winter  than  during  other 
seasons. 

Eastern  Meadowlark  {Sturnella  magna). 
One  was  reportedly  heard  by  H.  G.  Troester 
(pers.  comm.)  at  ONWR  in  1981. 

Western  Meadowlark  {Sturnella  neglecta). 
Twomey  (1942)  noted  that  it  began  to  mi- 
grate south  from  the  Uinta  Basin  by  30  Sep- 
tember 1937.  It  occurs  throughout  the  year 
in  Uintah  County  (Fig.  2)  and  congregates 
where  livestock  are  fed  in  winter.  It  is  at 
least  as  abundant  now  (Fig.  2)  as  it  was  in 
1937  (Twomey  1942). 

Yellow-headed  Blackbird  {Xanthocephalus 
xanthocephalus).  Two  were  seen  in  the  Jen- 
sen area  unusually  late  (Fig.  2)  26  December 
in  1982  (D.  Chure  and  L.  Ferris,  pers. 
comm.). 

Brewer's  Blackbird  {Euphagiis  cyanoce- 
phalus).  Although  common,  it  is  apparently 
less  abundant  (Fig.  2)  than  it  was  in  1937 
(Twomey  1942).  Its  occurrence  in  Uintah 
County  during  winter  is  limited  to  localized 
flocks  at  farm  yards  such  as  the  one  along 
Utah  Highway  149  (Road  B)  about  1  km 
north  of  its  junction  with  U.S.  Highway  40 

(Fig.  1). 

Great-tailed  Crackle  {Quiscalus  mexi- 
canus).  One  was  sighted  at  PWA  12  May 
1982  by  D.  Zalunardo  and  S.  Madsen  (pers. 
comm.). 

Common  Crackle  {Quiscalus  quiscula).  In 
May  it  has  been  seen  on  the  grounds  of  the 
Utah  Field  House  of  Natural  History  (Behle 
1981,  Kingery  1981c,  Fig.  2)  and  at  SLWMA 
(Leppert  1982). 

Brown-headed  Cowbirds  {Molothrus  ater). 
Apparently  more  common  now  (Fig.  2)  than 
in  1937  (Twomey  1942). 

Northern  Oriole  {Icterus  galhula).  Al- 
though common,  it  is  less  abundant  (Fig.  2) 
than  in  1937  when  Twomey  saw  large  migra- 
tory flocks  (Twomey  1942).  Twomey  (1942) 
commented  that  in  1937  Northern  Orioles 
were  tame.  Now  they  are  very  wary.  I  did 
not  see  the  species  after  25  August  (Fig.  2), 
but  in  1937  it  emigrated  from  the  Uinta  Ba- 
sin from  the  first  week  of  August  to  mid-Sep- 
tember (Twomey  1942). 
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Scott's  Oriole  {Icterus  parisorwn).  Report- 
ed on  or  near  the  federal  oil  shale  tracts  U-a 
and  U-b  in  sagebnish-greasewood,  riparian, 
and  juniper  habitats  in  June  and  August  1975 
and  1976  (Anonymous  1977).  M.  Pasho  (D. 
Chure,  in  htt.)  sighted  it  at  Split  Mountain 
Boat  Ramp,  Dinosaur  National  Monument,  in 
June  1981.  A.  R.  Johnson  and  B.  H.  Green 
(White  et  al.  1983)  saw  four  to  five  12-16  km 
west  of  the  Colorado  border  11-14  August 
1979. 

FringUlidae 

Rosy  Finch  {Lencosticte  arctoa).  J.  M. 
Good  (Beidleman,  in  litt.)  saw  a  large  flock  of 
the  gray-crowned  subspecies  (L.  a.  tephro- 
cotis)  at  Split  Mountain  Campground,  Dino- 
saur National  Monument,  1  November  1956. 
In  greasewood,  shadscale,  juniper,  and  ripa- 
rian habitats  on  or  near  the  federal  oil  shale 
tracts  U-a  and  U-b  during  1975  and  1976,  this 
subspecies  was  observed  in  December  and 
February  (Anonymous  1977).  Hayward 
(1967)  collected  two  representatives  of  the 
black  subspecies  (L.  a.  atrata)  near  Randlett  6 
May  1950  and  two  from  a  large  flock  north 
of  Vernal  13  May  1961.  T.  Tornow  (pers. 
comm.)  sighted  that  subspecies  in  Johnson 
Bottom  of  ONWR  in  January  and  February 
1979  but  did  not  see  it  at  ONWR  during 
1980-1982.  In  greasewood,  shadscale,  juni- 
per, and  riparian  habitats  on  or  near  the  fed- 
eral oil  shale  tracts  U-a  and  U-b  during  1975 
and  1976,  L.  a.  atrata  were  observed  from 
December  to  April  (Anonymous  1977). 

Cassin's  Finch  {Carpodaciis  cassinii). 
Twomey  (1942)  observed  seven  in  cotton- 
wood  snags  immediately  south  of  the  Ashley 
Creek  marshes  at  what  is  now  SLWMA.  I  ob- 
served one  with  a  small  flock  of  House 
Finches  at  site  4  (Figs.  1-2).  Utah  Field  Orni- 
thologists saw  one  at  Split  Mountain  Camp- 
ground, Dinosaur  National  Monument,  and 
one  in  a  Vernal  park  15-16  May  1982  (Lep- 
pert  1982). 

House  Finch  {Carpodacus  mexicanus). 
Twomey  (1942)  stated  that  in  1937  it  was 
very  abundant  and  was  probably  the  widest 
ranging  bird  in  the  Uinta  Basin  because  it  ex- 
isted from  river  floodplains  and  desert  bad- 
lands to  timberline  of  the  Uinta  Mountains. 
Hayward  (1967)  noted  that  it  is  one  of  the 
most  common  birds  in  the  upper  Colorado 


River  basin.  More  than  27  sightings  of  it  were 
made  in  the  desert  region  of  Uintah  County 
18  March-October  and  29  December  1949, 
1950,  1956-1958,  1961,  1966,  1973-1976, 
and  1982  (Behle  and  Ghiselin  1958,  Killpack 
1959,  Anonymous  1977,  Behle  1981,  Leppert 
1982,  Biedleman,  in  litt.,  D.  Chure,  in  litt.).  It 
was  less  prevalent  during  this  study  (Fig.  2) 
than  it  was  in  earlier  decades  (Twomey  1942, 
Behle  1981,  Beidleman,  in  litt.).  I  observed  it 
26  January  (Fig.  2),  although  relatively  few 
birds  winter  in  the  northern  portion  of  the 
upper  Colorado  River  basin  (Hayward  1967). 

Common  Redpoll  (Carduelis  flammea).  At 
site  4,  I  saw  a  male  with  several  Tree  Spar- 
rows eating  the  seeds  of  Kochia  sp.  29  De- 
cember 1978  (Figs.  1-2). 

Pine  Siskin  (Carduelis  pinus).  Less  com- 
mon (Fig.  2)  than  it  was  in  1937  (Twomey 
1942).  I  observed  it  only  1  October- 1  Janu- 
ary (Fig.  2);  the  following  observations  were 
made  at  other  times.  Twomey  (1942)  heard 
or  saw  many  migrating  birds  during  the  first 
two  weeks  of  May  and  21-30  September 
1937.  At  Dinosaur  National  Monument,  it  has 
been  seen  1-14  August  (Beidleman,  in  litt., 
D.  Chure,  in  litt.).  It  was  collected  at  ONWR 
9  April  1963  and  20  March  1966  (Behle 
1981).  Twenty  were  seen  outside  the  Utah 
Field  House  of  Natural  History  15  May  1982 
(Leppert  1982,  D.  Chure,  pers.  comm.). 

Lesser  Goldfinch  {Carduelis  psaltria).  In 
Vernal  Twomey  (1942)  observed  a  male  in  a 
private  flower  garden  22  July  1937  and  a 
male  and  two  females  10  and  12  August 
1937.  In  Dinosaur  National  Monument,  Ar- 
gante  saw  it  at  Green  River  Campground  1 
June  1973,  J.  Starbler  sighted  it  at  Cub  Creek 
1  and  23  June  1973,  N.  Howk  and  B.  Ingber 
saw  three  in  greasewood  brush  near  Josie 
Morris  Cabin  18  July  1980  and  10  pairs  at 
Cub  Creek  14  August  1981,  and  J.  Freilich 
observed  it  at  Box  Canyon  near  Josie  Morris 
Cabin  21  August  1979  (D.  Chure,  in  litt.). 

American  Goldfinch  {Carduelis  tristis). 
More  than  26  sightings  were  made  in  the 
desert  region  of  Uintah  County  18  March-28 
August  1945,  1949,  1957,  1963,  1966,  1967, 
1973-1976,  and  1980-1982  (Behle  and  Ghise- 
lin 1958,  Anonymous  1977,  Behle  1981,  Lep- 
pert 1982,  Beidleman,  in  litt.,  D.  Chure,  in 
litt.).  Twomey  (1942)  believed  that  by  30 
September  1937,  almost  all  of  the  American 
Goldfinches  that  summered  in  the  Uinta  Ba- 
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sin  had  emigrated  south.  Contrary  to  what 
Twomey  (1942)  and  Behle  and  Perry  (1975a) 
reported  for  the  Uinta  Basin  and  Utah,  re- 
spectively, the  American  Goldfinch  is  as 
common  in  winter  as  during  other  seasons  in 
the  desert  region  of  Uintah  County  (Fig.  2).  I 
observed  it  on  eight  different  days  in  January. 
From  11  to  191  individuals  were  seen  in  late 
December  1952-1958  in  an  area  including 
western  Uintah  County  (Crittenden  et  al. 
1953,  1955,  Killpack  1957,  1958,  1959,  Kill- 
pack  et  al.  1954,  1956),  and  on  an  Audubon 
Christmas  count  in  the  Jensen  area  73  birds 
were  observed  26  December  1982  (D.  Chure 
and  L.  Ferris,  pers.  comm.). 

Evening  Grosbeak  {Coccothraustes  vesper- 
tiniis).  Seen  in  an  area  including  a  western 
portion  of  Uintah  County  31  December  1953 
(3,  Killpack  et  al.  1954)  and  29  December 
1955  (2,  Killpack  et  al.  1956).  In  Dinosaur 
National  Monument,  R.  W.  Horton  saw  10  at 
Green  River  Campground  27  January  1964 
and  at  Dinosaur  Quarry  Residential  Area,  W. 
G.  Tniesdell  observed  80  on  17  February  and 
17  March  1974,  20  on  3  March  1974,  and  an 
unspecified  number  later  in  1974  until  1  May 
(D.  Chure,  in  litt.).  M.  L.  Perry  (pers.  comm.) 
observed  the  species  on  the  grounds  of  the 
Utah  Field  House  of  Natural  History  in  Ver- 
nal during  at  least  one  winter  in  the  1970s. 
Utah  Field  Ornithologists  saw  one  at  Josie 
Morris  Cabin,  Dinosaur  National  Monument, 
and  10  at  Vernal  parks  15-16  May  1982 
(Leppert  1982). 
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PLANT  NUTRIENT  LEVELS  ON  TWO  SUMMER  RANGES  IN  THE 
RIVER  OF  NO  RETURN  WILDERNESS  AREA,  IDAHO 

Charles  L.  Elliott'-  and  Jenan  T.  Flinders' 


Abstract.—  Monthly  percent  nutrient  and  moisture  levels  of  plant  species  on  two  summer  ranges  in  the  River  of 
No  Return  Wilderness  Area  of  Idaho  were  determined.  Festtica  idahoensis  exhibited  the  highest  average  crude 
protein  content  of  graminoids  on  both  study  areas.  AchiUea  iniUefoIium  and  Balsamorhiza  saaaittcita  at  Rush  Point 
and  Thfolittm  spp.  and  AchiUea  miUcfolitim  at  Cold  Meadows  possessed  the  highest  mean  crude  protein  content  of 
the  forbs  examined.  Grasses  exhibited  greater  average  seasonal  levels  of  crude  fiber,  and  forbs  generally  contained 
significantly  larger  levels  of  Ca,  P,  and  moisture. 


Nutrient  data  for  summer  range  plants  in 
the  mountainous  region  of  south  central 
Idaho  are  lacking.  Claar  (1973)  presented  in- 
formation concerning  winter  nutrient  trends 
for  browse  species  in  the  River  of  No  Return 
Wilderness  Area  (formerly  the  Idaho  Primi- 
tive Area)  but,  to  our  knowledge,  no  data  ex- 
ist for  this  area  relative  to  graminoids  and 
forbs  on  summer  ranges. 

The  quality  of  summer  forage  has  been 
demonstrated  to  have  an  effect  on  body  con- 
dition and  reproductive  capacity  of  wild  her- 
bivores (Verme  1963,  Snider  and  Asplund 
1974,  Pederson  and  Harper  1978).  Defi- 
ciencies in  available  plant  nutrients  are  com- 
mon on  western  ranges  (Cook  and  Harris 
1968)  and  have  led  to  studies  of  the  nutri- 
tional properties  of  forage  plants  (Skovlin 
1967).  Such  information  can  be  used  to  esti- 
mate the  seasonal  nutritional  adequacy  of 
plants  in  animal  diets  and  can  be  used  to  im- 
plement better  management  practices. 

Study  Sites 

The  study  was  condvicted  in  the  Big  Creek 
Ranger  District,  River  of  No  Return  Wilder- 
ness Area,  Idaho.  A  description  of  the  Big 
Creek  drainage  is  provided  by  Hornocker 
(1970).  Two  types  of  summer  range  utilized 
by  wild  ungulates  were  examined. 

The  Cold  Meadows  (elev.  2142  m)  site  was 
an  example  of  the  mountain  meadow  range 


type.  Meadow  vegetation  appears  to  have  de- 
veloped through  normal  processes  of  hydro- 
seral  succession,  with  the  soils  being  main- 
tained in  a  saturated  or  near  saturated 
condition  (Wing  1969).  Vegetation  within  the 
meadow  exhibited  a  predominance  of  sedges, 
with  a  wide  variety  of  grasses  and  forbs.  Hy- 
dromorphic  and  alluvial  soils  predominate, 
but  sandy  loams  occur  along  the  outer  mead- 
ow edges  (Hayden-Wing  1980). 

The  Rush  Point  (elev.  1890  m)  site  repre- 
sented the  sagebrush  {Artemisia  triden- 
tofa)-bunchgrass  association  typical  of  the 
southeast-facing  slopes  used  by  wild  un- 
gulates in  the  area.  Perennial  plants  domi- 
nated the  biotic  community  and  occupied 
soils  derived  from  basalt,  granite,  sedimen- 
tary deposits,  and  metamorphosed  variations 
of  these  materials  (Mueggler  and  Harris 
1969). 

Methods 

The  botanical  communities  of  the  two 
study  sites  were  compared  using  Jaccard's 
(1912)  community  coefficient.  The  resulting 
index  value  of  22%  indicated  each  site  exhib- 
ited little  similarity  in  plant  composition. 

Each  study  area  was  visited  according  to  a 
monthly  schedule:  Cold  Meadows  12-19 
June,  17-24  July,  and  14-21  August;  Rush 
Point  1-8  June,  1-8  July,  and  1-8  August 
1977.  Plant  biomass  was  determined  monthly 
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'Present  address:  630  West  8th  Avenue,  No.  203,  Anchorage,  Alaska  99501. 
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at  each  area  using  the  calibrated  weight-esti- 
mate method  (Tadmor  et  al.  1975).  Prelimi- 
nary sampling  in  1976  indicated  10,  90  m 
transects  at  Cold  Meadows  and  14  transects 
at  Rush  Point  were  required  to  be  95%  cer- 
tain the  vegetation  biomass  sampling  mean 
was  within  20%  of  the  true  mean  for  the 
single  most  abundant  plant  species  at  each 
site  (Subcommittee  on  Range  Research  Meth- 
ods of  the  Agricultural  Board  1962:230).  A  50 
X  50  cm  frame  was  placed  every  9  m  along  a 
sampling  transect;  this  plot  size  was  used  to 
reduce  the  "edge  effect"  encountered  when 
sampling  in  tall  vegetation  (Tadmor  et  al. 
1975). 

After  every  10  plots,  samples  of  each  plant 
species  that  had  occurred  in  amounts  of  one 
gram  or  more  per  plot  were  estimated  by 
weight,  clipped,  weighed  to  the  nearest 
gram,  stored,  and  returned  to  the  laboratory. 
All  plants  were  oven  dried  at  64  C  for  72  hrs, 
weighed,  and  assessed  for  moisture  content. 
The  plant  samples  were  then  pooled,  by  indi- 
vidual species,  for  each  month  and  analyzed 
for  nutrient  content. 

Plant  nitrogen  content  was  determined  us- 
ing the  Kjeldahl  technique  (AOAC  1970);  this 
value  was  multiplied  by  6.25  and  crude  pro- 
tein was  calculated  (AOAC  1970).  Crude  fi- 
ber was  determined  using  the  Van  Soest 
(1963)  method;  phosphorus  (P)  and  calcium 
(Ca)  levels  were  obtained  using  the  dry  ash- 
ing procedure  (Middleton  and  Stucky  1954). 
Analyses  were  performed  at  the  Plant  and 


Soil  Analysis  Laboratory,  Brigham  Young 
University,  Provo,  Utah.  Average  nutrient 
levels,  by  month,  for  each  plant  "group" 
(grasses  and  forbs)  within  a  study  area  were 
statistically  compared  using  unpaired  t-tests 
(Steel  and  Torrie  1980).  The  measure  of  sig- 
nificance tested  for  was  P  =  0.05. 


Results  and  Discussion 

The  average  (±  S.D.)  monthly  percent  nu- 
trient and  moisture  levels  of  the  10  plant  spe- 
cies exhibiting  the  highest  frequency  (75%)  of 
occurrence  at  Cold  Meadows  and  Rush  Point 
are  shown  in  Tables  1  through  4.  The  aver- 
age biomass  (kg/ha  ±  S.D.)  available  on 
each  site  was:  Cold  Meadows  1870  ±  69, 
Rush  Point  1140  ±  77. 

At  Cold  Meadows  the  group  average  crude 
fiber  content  of  grasses  was  significantly 
greater  than  forb  levels  in  all  months  (Tables 
1  and  2).  Group  mean  crude  protein  levels 
were  not  statistically  different  during  June 
and  July,  but  August  protein  content  of  forbs 
was  significantly  greater  than  grasses.  Group 
average  forb  Ca,  P,  and  moisture  levels  were 
significantly  greater  than  grasses  for  the  en- 
tire summer  period. 

Rush  Point  grasses  exhibited  significantly 
greater  group  mean  crude  fiber  levels  in  June 
and  July  but  were  equivalent  to  forbs  in  Au- 
gust (Tables  3  and  4).  Group  average  crude 
protein  was  the  same  for  both  plant  cate- 
gories in  July  and  August,  but  forbs  were 


Table  1.  Average  (±  S.D.)  monthly  percent  nutrient  and  moisture  content  of  grass  species  exhibiting  the  liighest 
frequency  of  occurrence  at  Cold  Meadows,  River  of  No  Return  Wilderness,  1977-1978. 


Crude 

Crude 

Species 

fiber 

protein 

Ca 

P 

Ca:P 

Moisture 

June 

Agropi/ron  caninum 

25  ±0.2 

9±2.0 

0.14±0.1 

0.06  ±  0.02 

2.3:1 

61  ±2 

Fesfuca  idahoensis 

28±0.1 

15±3.4 

0.25  ±0.1 

0.09  ±0.001 

2.8:1 

60±3 

Phlcum  iilpinum 

28  ±0.4 

17  ±2.3 

0.18  ±0.02 

0.08  ±0.02 

2.3:1 

64  ±2 

Group  mean  ( ±  S.D.) 

27.0  ±1.7 

13.7  ±4.2 

0.19±0.1 

0.08  ±0.02 

2.4:1 

61.7±2.1 

Agropifron  caninum 

33  ±1.4 

11±1.9 

July 
0.14±0 

0.07  ±0.01 

2.0:1 

59  ±1.5 

Feshiai  idaJioensis 

36  ±1.0 

13  ±1.3 

0.19±0.01 

0.07  ±0.003 

2.7:1 

59  ±3 

Phlctim  (ilpinum 

34  ±0.7 

9±1.0 

0.17  ±0.04 

0.07  ±0.002 

2.4:1 

54  ±2 

Group  mean 

34.3  ±1.5 

11.0±2.0 

0.17  ±0.03 

0.07 

2.4:1 

57.3±2.9 

August 

Aff-opyron  caninum 

35  ±0.4 

8±1.2 

0.14±0.01  ' 

0.04  ±0.01 

3.5:1 

50±2 

Festuca  idalioensis 

37  ±0.2 

10±1.1 

0.20  ±0.01 

0.07  ±  0.002 

2.9:1 

31  ±1 

PJdeum  alpintim 

34  ±0.1 

7  ±0.9 

0.20  ±0.2 

0.09  ±0.001 

2.2:1 

27±2 

Group  mean 

35.3  ±1.5 

8.3  ±0.03 

0.18  ±0.03 

0.07  ±0.03 

2.6:1 

36.0  ±12.3 

October  1984 
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significantly  higher  in  June.  Group  average 
calcium  content  was  significantly  higher  in 
forbs  in  July  and  August.  Group  mean  P  lev- 
els were  significantly  higher  in  forbs  in  June, 
grasses  in  July,  and  equivalent  in  August. 
Group  average  moisture  content  was  signifi- 
cantly greater  in  forbs  throughout  the 
summer. 

The  group  average  Ca:P  ratios  for  grasses 
on  both  study  sites  were  generally  consistent 
throughout  the  summer.  The  June  Ca:P  ratio 
for  Rush  Point  was  dramatically  inflated  by 
the  1.15%  Ca  level  reported  for  Agropyron 
spicatum.  This  value  may  be  vmrealistically 
high,  but  no  material  remained  after  the  ini- 
tial analysis;  hence  a  reanalysis  of  the  sample 
was  not  possible.  Calcium  :P  ratios  for  forbs 
generally  increased  throughout  the  summer. 

Tlie  principle  wild  ungulates  observed  us- 
ing the  two  study  areas  were  bighorn  sheep 
{Ovis  canadensis)  at  Rush  Point  and  elk  {Cer- 
vus  ekiphus)  at  Cold  Meadows.  Elk  cows  and 
calves  were  especially  prevalent  on  Cold 
Meadows. 


The  summer  diet  of  elk  on  five  mountain 
meadows  in  the  Cottonwood  Creek  water- 
shed (of  which  Cold  Meadows  is  a  part)  have 
been  reported  to  consist  primarily  of  forbs, 
sedges  second,  grasses  third,  and  shrubs  least 
(Hayden-Wing  1980).  Frequency  of  use  of 
most  grass  and  shrub  species  were  less  than 
10%,  but  exceeded  10%  for  most  forb  and 
sedge  species.  No  grass  species  exceeded  26% 
frequency  of  utilization,  but  several  species 
of  forbs,  sedges,  and  shrubs  reportedly  ex- 
ceeded 40%  (Hayden-Wing  1980). 

Forbs  composed  44%  of  the  summer 
(June-August)  diet  of  Big  Creek  bighorn 
sheep;  shrubs  and  grasses  made  up  36%  and 
20%,  respectively.  Agropyron  spicatum  (11%), 
Achillea  millefolium  (11%),  Balsamorhiza 
saggittata  (10%),  Cercocarpus  ledifolius  (9%), 
Physocarpus  malvalceous  (8%),  and  Lupinus 
sericeiis  (6%)  were  the  major  species  propor- 
tionately evident  in  the  diet  (J.  Bennett  pers. 
comm.). 

The  adequacy  of  the  nutritional  plane  in 
the  vegetation  will  be  considered  in  relation 


Table  2.  Average  (±  S.D.)  monthly  percent  nutrient  and  moisture  content  of  forb  species  exhibiting  the  highest 
frequency  of  occurrence  at  Cold  Meadows,  River  of  No  Return  Wilderness,  1977-1978. 


Crude 

Crude 

Species 

fiber 

protein 

Ca 

P 

Ca:P 

Moisture 

Achillea  miUefoliuni 

22  ±2.0 

20  ±1.6 

June 
0.51  ±0.16 

0.19  ±1.63 

2.7:1 

78  ±5 

Erigeron  spcciosus 

18  ±0.3 

19  ±0.4 

0.56  ±0.13 

0.16  ±0.06 

3.5:1 

75  ±3 

Fragaria  virginiana 

17±0.7 

16±0.7 

0.68  ±0.13 

0.10  ±0.09 

6.8:1 

72  ±3 

Penstemon  spp.' 

26  ±0.7 

15±2.0 

0..57±0 

0.15  ±0.003 

3.8:1 

72±2 

PotentiUa  gracilis 

19±1.4 

20  ±2.3 

0.65  ±0.1 

0.18  ±0.05 

3.6:1 

75  ±3 

Senecio  serra 

22  ±0.4 

14±1.4 

0.62  ±0.04 

0.15  ±0.07 

4.1:1 

78±2 

Trifolium  spp.- 

15  ±0.7 

27±1.2 

1.70  ±0.5 

0.44  ±0.02 

3.9:1 

70±2 

Group  mean  (  ±  S.D.) 

19.9±3.7 

18.7±4.4 

0.76  ±0.4 

0.20  ±0.1 

3.8:1 

74.3  ±3.1 

Achillea  millefolium 

24  ±1.8 

17  ±0.3 

Julv 
0.90  ±0.04 

0.20  ±0.01 

4.5:1 

64±2 

Erigeron  speciosus 

20±1.4 

16  ±0.9 

0.65  ±0.10 

0.16  ±0.03 

4.1:1 

69  ±3 

Fragaria  lirginiana 

28  ±16.3 

13  ±1.3 

0.85  ±  0.05 

0.18  ±0.03 

4.7:1 

66±1 

Penstemon  spp. 

.33  ±3.5 

9  ±1.3 

0.58  ±0.03 

0.13  ±0.02 

4.5:1 

68  ±3 

PotentiUa  gracilis 

17±1.4 

16±1.6 

0.69  ±0.25 

0.18±0.01 

3.8:1 

65±2 

Senecio  serra 

29  ±0.7 

10  ±0.2 

0.78  ±0.17 

0.19  ±0.05 

4.1:1 

75  ±5 

Trifolium  spp. 

20  ±0.9 

22  ±1.2 

1..30±0.11 

0.40  ±0.05 

3.3:1 

,55  ±2 

August 

Achillea  millefoliuDt 

25±1.2 

14  ±0.9 

1.05  ±0.10 

0.20  ±0.04 

.5.3:1 

58  ±3 

Erigeron  speciosus 

24  ±1.0 

13  ±0.4 

1.03±0.10 

0.20  ±0.04 

5.2:1 

58±4 

Fragaria  virginiana 

16±9.0 

12  ±0.5 

0.83  ±0.06 

0.18  ±0.03 

4.6:1 

52±1 

Penstemon  spp. 

31  ±2.1 

10  ±0.9 

0.92  ±0.03 

0.14  ±0.002 

6.6:1 

47±1 

PotentiUa  gracilis 

19±1.1 

12±1.5 

1.07±0.11 

0.19  ±0.01 

5.6:1 

58  ±3 

Senecio  serra 

,30  ±0.3 

8  ±0.5 

0.91  ±0.13 

0.21  ±0.04 

4.3:1 

50±1 

Trifolium  spp. 

27  ±0.6 

14  ±0.9 

1.05  ±0.06 

0.34  ±0.03 

3.1:1 

.35  ±3 

Group  mean 

24.6  ±5.5 

11.9±2.2 

0.98  ±0.1 

0.21  ±0.1 

4.7:1 

51.1  ±8.4 

Includes  Penstemon  procerus  and  P.  rydbergii 
■Includes  Trifolium  repens  and  T.  longipes 
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to  the  ungulate  species  observed  using  the 
forage.  The  nutritional  requirements  of  big- 
horn sheep  and  elk  were  equated  with  the 
nutritional  demands  of  a  domestic  sheep 
(Ovis  spp.)  and  a  steer  {Bos  spp.),  respective- 
ly. This  comparison  may  seem  questionable, 
but  it  provides  a  qualitative  method  with 
which  to  assess  the  adequacy  of  forage  plants 
in  meeting  the  nutritional  needs  of  the  wild- 
life species. 

Rush  Point 

The  National  Research  Council  (NRC 
1975:44)  recommends  a  minimum  8.9%  crude 
protein  in  the  diet  for  growth  in  domestic 
sheep.  On  this  basis,  both  forbs  and  grasses 
contained  sufficient  protein  to  meet  require- 
ments during  June  and  July  but  were  declin- 
ing in  August.  The  NRC  (1975:44)  recom- 
mends a  ration  containing  0.25-0.30%  Ca 
and  0.24-0.38%  P  for  maintenance  in  domes- 
tic sheep.  The  forbs  and  grasses  generally  ex- 
ceeded the  required  Ca  levels,  but  neither 
group  consistently  met  the  P  rec- 
ommendation. 

Cold  Meadows 

Thorne  et  al.  (1976)  noted  cow  elk  re- 
sponded to  different  levels  of  nutrition  much 
as  do  domestic  ruminants.  Early  attainment 
of  large  size  was  postulated  to  be  important 
in  preparing  free-ranging  elk  calves  for  win- 


ter. In  their  experiment,  the  only  group  of 
elk  to  gain  weight  were  fed  diets  containing 
13.4-14.5%  crude  protein.  This  corresponds 
closely  with  the  crude  protein  levels 
(12.7-16.2%)  Papageorgiou  (1978)  found  in 
forage  preferred  by  red  deer  in  Greece.  Forbs 
at  Cold  Meadows  maintained  similar  protein 
levels  throughout  the  summer,  but  grami- 
noids  were  deficient.  Calcium  and  P  levels, 
based  on  NRC  (1976:28)  requirements  for  a 
300  kg  steer  (P  =  0.18-0.34%, 

Ca  =  0.18-0.42%),  were  variable— sufficient 
levels  of  Ca  in  forbs  and  grasses  but  deficient 
levels  of  P  in  both  categories. 

Maynard  et  al.  (1979:224)  indicated  an  ac- 
ceptable ratio  of  Ca:P  to  be  from  1:1  to  2:1 
for  farm  animals  other  than  poultry.  When 
the  proportion  reaches  about  10:1  problems 
occur.  An  excess  of  Ca  interferes  with  the  ef- 
ficient assimilation  of  P  (Maynard  et  al. 
1979:224).  The  Ca:P  ratios  for  all  plant  cate- 
gories on  both  sites  exceeded  the  2:1  ratio 
but  generally  never  approached  the  problem 
level  of  10:1. 

Chemical  analysis  indicated  grasses  exhib- 
ited greater  average  seasonal  levels  of  crude 
fiber,  and  forbs  generally  contained  signifi- 
cantly larger  levels  of  Ca,  P,  and  moisture. 
Crude  protein  levels  declined  over  the  sum- 
mer but  were  at  sufficient  levels  during  the 
critical  early  summer  months  that  are  impor- 
tant for  newborn,  as  well  as  maturing,  sheep 
and  elk.  Like  other  herbivores  in  temperate 
environments,   elk   and  bighorn   sheep   must 


Table  3.  Average  (±  S.D.)  monthly  percent  nutrient  and  moisture  content  of  grass  species  exhibiting  the  highest 
frequency  of  occurrence  at  Rush  Point,  River  of  No  Return  Wilderness,  1977-1978. 


Crude 

Crude 

Species 

fiber 

protein 

Ca 

P 

Ca:P 

Moisture 

Agropyron  spicatum 

36  ±4.9 

15±2.5 

June 
1.15±1.24 

0.11  ±0.04 

10.5:1 

61  ±2 

Festuca  idalwensis 

35  ±1.4 

13  ±0.1 

0.36  ±0.09 

0.12  ±0.001 

3.0:1 

61  ±2 

Koeleria  cristata 

.38  ±1.2 

11  ±0.5 

0.12  ±0.04 

0.08  ±0.02 

1.5:1 

57±1 

Group  mean  ( ±  S.D.) 

36.3  ±1.5 

13.0  ±2.0 

0.54  ±0.5 

0.10  ±0.02 

5.4:1 

,59.7  ±2.3 

Agropyron  spicatum 

38±3.1 

12  ±2.4 

Julv 
0.51  ±0.33 

0.09  ±0.01 

5.7:1 

41±2 

Festuca  idahoensis 

32  ±7.4 

13  ±3.7 

0.21  ±0.09 

0.18  ±0.08 

1.2:1 

43±1 

Koeleria  cristata 

40  ±3.1 

9±1.2 

0.20  ±0.03 

0.06  ±0.01 

.3.3:1 

38±2 

Group  mean 

.36.7  ±4.2 

11.3  ±2.1 

0.31  ±  0.2 

0.11±0.1 

2.8:1 

40.7  ±2.5 

August 

Agropyron  spicatum 

,36  ±3.0 

7  ±2.0 

0.41  ±0.05 

0.06  ±0.01 

6.8:1 

.36  ±2 

Festuca  idahoensis 

.34±1.1 

12  ±2.9 

0.48  ±0.01 

0.16  ±0.04 

3.0:1 

42±3 

Koeleria  cristata 

47±1.2 

3  ±0.2 

0.17  ±0.03 

0.06  ±0.01 

2.8:1 

8±2 

Group  mean 

39.0  ±7.0 

7.3±4.5 

0.35  ±0.2 

0.09  ±0.1 

3.9:1 

28.7  ±18.2 

October  1984 


Elliot,  Flinders:  Plant  Nutrient  Levels 


625 


Table  4.  Average  (±  S.D.)  monthly  percent  nutrient  and  moisture  content  of  forb  species  exhibiting  the  highest 
frequency  of  occurrence  at  Rush  Point,  River  of  No  Return  Wilderness,  1977-1978. 


Crude 

Crude 

Species 

fiber 

protein 

Ca 

P 

Ca:P 

Moisture 

June 

Achillea  miUcfolium 

29  ±6.0 

16±1.4 

0.96  ±0.21 

0.25  ±0.07 

.3.8:1 

70±2 

Balsamorhizd 

saggittata 

29  ±2.1 

20  ±3.2 

2.45±1.15 

0.26  ±0.06 

9.4:1 

81  ±3 

Eriogomtm 

wnhellatitm 

27  ±0.4 

16  ±3.9 

0.79  ±  0.32 

0.22  ±0.07 

3.6:1 

66±5 

Frasera  montana 

22  ±6.3 

17±0.3 

0.42  ±0.01 

0.16±0.01 

2.6:1 

78±2 

Hieracium  alhciiintitu 

25  ±1.5 

18  ±0.3 

0.45  ±0.29 

0.22  ±0.01 

2,1:1 

77  ±3 

Lithospcrmuiu 

rudenile 

34  ±4.9 

19  ±2.3 

1.71  ±0.67 

0.19  ±0.004 

9.0:1 

73  ±2 

Lupinus  sericeus 

24  ±  2.0 

19±1.3 

1.58±0.15 

0..35±0.01 

4.5:1 

74±4 

Mean  (±  S.D.) 

27.1  ±3.9 

17.9±1.6 

1.19±0.8 

0.24±0.1 

4.9:1 

74.1  ±.5.1 

Achillea  inillefolium 

.30  ±1.8 

14  ±0.6 

Julv 
0.76  ±0.47 

0.23  ±  0.07 

.3.3:1 

60±2 

Balsamorhiza 

saggittata 

31  ±6.4 

14±1.0 

1.57  ±0.83 

0.21±0.11 

7.5:1 

63  ±3 

Eriogomtm 

timbeUatiim 

27  ±0.7 

13  ±2.4 

1.66  ±1.29 

0.15  ±0.05 

11.1:1 

56±1 

Frasera  montana 

27  ±0.8 

13  ±0.7 

1.11±0.76 

0.17  ±0.06 

6.5:1 

60±4 

Hieracium  alherfiniim 

27  ±4.4 

11±1.2 

1.08  ±0.29 

0.20  ±0.04 

.5.4:1 

63  ±2 

Lithospermtim 

ruderale 

.30  ±0.4 

14±1.7 

1.95  ±2.04 

0.25  ±  0.07 

7.8:1 

,57  ±2 

Lupinus  sericeus 

26  ±1.5 

17±1.0 

1.09  ±0.82 

0.21  ±0.02 

5.2:1 

62  ±3 

Mean 

28.3  ±1.9 

13.7  ±1.8 

1.32  ±0.4 

0.2  ±0.03 

6.6:1 

60.1  ±2.8 

August 

Achillea  millefolium 

31  ±0.85 

12  ±2.3 

1.13±0.10 

0.20  ±0.02 

.5.7:1 

.53  ±2 

Balsamorhiza 

saggittata 

29  ±3.4 

10±1.8 

1.48  ±0.76 

0.19  ±0.03 

7.8:1 

.52  ±2 

Eriogomtm 

umbellatum 

31  ±1.4 

8  ±0.9 

0.87  ±0.04 

0.15  ±0.02 

5.8:1 

43  ±3 

Frasera  montana 

28  ±0.7 

8  ±0.4 

0..36  ±  0.08 

0.10  ±0.02 

3.6:1 

38±1 

Hieracium  albertinum 

32  ±4.6 

8±2.6 

1.10±0.14 

0.13  ±0.01 

8.5:1 

57±3 

Lithospermum 

ruderale 

30  ±1.4 

9  ±0.6 

2.03  ±1.65 

0.16  ±0.08 

12.7:1 

49±2 

Lupinus  sericeus 

.35  ±1.2 

8±1.1 

0.97  ±0.05 

0.12  ±0.02 

8.1:1 

59  ±3 

Mean 

,30.9  ±2.3 

9.0±1.5 

1.1±0.5 

0.15  ±0.04 

7.5:1 

50.1  ±7.5 

adjust  foraging  strategies  to  seasonal  changes 
in  the  quaUty  of  food  resources. 

Even  in  wilderness  areas  it  is  important  to 
understand  the  nutritional  and  dietary  planes 
of  native  herbivores.  Management  strategies 
such  as  prescribed  and  wild  fires,  using  natu- 
ral meadows  as  camp  sites  and  aircraft  land- 
ing sites,  and  seasonal  hunting  of  big  game  all 
involve  decisions  that  can  benefit  from  the 
nutritional  evaluation  of  vegetation  and  diet- 
ary strategies  of  resident  wild  ungulates. 
More  data  of  this  nature  as  well  as  further 
studies  on  population  dynamics  and  behavior 
of  resident  herbivores  will  contribute  to  the 
essential  understanding  of  the  relatively  pri- 


tine  ecosystem  included  within  the  River  of 
No  Return  Wilderness  Area. 

We  thank  the  University  of  Idaho  for  per- 
mission to  use  facilities  at  the  Taylor  Ranch 
Field  Station,  River  of  No  Return  Wilderness 
Area,  and  Bruce  L.  Webb,  Department  of 
Abronomy  and  Horticulture,  Plant  and  Soil 
Analysis  Laboratory,  Brigham  Young  Univer- 
sity, for  analyzing  plant  samples. 
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PRODUCER-CONSUMER  BIOMASS  IN  MONTANE  FORESTS  ON  THE 
ARIZONA  MOGOLLON  PLATEAU 

Warren  P.  Clary',  Peter  F.  Ffolliott-,  and  Frederic  R.  Larson' 

.\bstract.—  a  substantially  complete  compilation  of  prodiicer-consmner  biomass  was  achieved  for  two  montane 
forest  reference  stands  on  the  Arizona  Mogollon  Plateau.  This  compilation,  containing  published  and  previously 
unpublished  data,  shows  these  ponderosa-pine-dominated  stands  to  be  near  the  lower  end  of  the  biomass  range  of 
commercial  forest  types.  The  two  stands  averaged  approximately  75  metric  tons/ha  of  plant  biomass.  Consumers 
made  up  less  than  0.01  percent  of  the  forest  biomass.  About  9/10  of  the  measured  consumer  biomass  consisted  of 
domestic  and  native  riuninants. 


Knowledge  of  biomass  quantity  and  distri- 
bution is  useful  for  conceptualizing  biological 
conditions  of  an  ecosystem,  and  is  necessary 
for  the  study  of  primary  and  secondary  pro- 
duction, nutrient  cycling,  hydrology,  and  fire. 
Information  on  biomass  is  limited  for  many 
vegetation  types.  Consumer  data  are  particu- 
larly lacking  in  forested  ecosystems  where 
mammalian  herbivores  are  relatively  less  im- 
portant than  in  grassland  ecosystems.  Com- 
paratively open  forests,  such  as  those  of  the 
southwestern  ponderosa  pine  (Finns  pon- 
derosa)  ecosystem,  represent  an  intermediate 
ecological  position  between  dense  humid  for- 
ests and  the  more  arid  grasslands.  Although 
large  herbivores  are  not  as  obvious  here  as  in 
the  grasslands,  their  roles  are  significant. 

Many  different  tree  densities  may  occur 
within  a  forest  ecosystem.  Each  density  pro- 
vides a  different  combination  of  biological 
components.  As  information  is  accumulated 
from  a  variety  of  forested  conditions,  more 
accurate  judgements  can  be  made  concerning 
the  impact  of  vegetation  management  on  the 
amount  of  plant  and  animal  life  likely  to  be 
supported. 

The  purpose  of  this  paper  is  to  synthesize 
the  current  published  and  unpublished  infor- 
mation on  producer-consumer  biomass  from 
several  representative  situations  within  the 
montane  forest  ecosystem  on  the  Arizona 
Mogollon  Plateau.  These  values  are  com- 
pared to  situations  where  the  forest  stand  has 
undergone  severe  changes. 


Description  of  Study  Areas 

The  study  areas,  part  of  the  Colorado 
Plateau  physiographic  province  (Fenneman 
1931  ),  lie  immediately  north  of  the  Mogol- 
lon Rim  in  central  Arizona.  The  ponderosa 
pine  ecosystem  occurs  at  elevations  between 
1830  and  2590  m,  although  ponderosa  pine  is 
most  strongly  dominant  between  2130  and 
2380  m  (Schubert  1974).  It  spans  the  altitu- 
dinal  range  of  Merriam's  Tran.sition  Zone 
(Merriam  1890,  1898). 

Most  of  the  information  presented  was  ob- 
tained from  the  Beaver  Creek  watershed 
south  of  Flagstaff,  Arizona  (Brown  et  al. 
1974)  and  from  Stermer  Ridge  near  Heber, 
Arizona  (Ffolliott  and  Baker  1977).  A  sum- 
mary of  their  mean  characteristics  follows: 


Bcaicr  Creek 

Stcnncr  Ridge 

Elevation 

2250  m 

2100  m 

Precipitation 

6.35  mm 

533  mm 

Temperature 

7C 

9C 

Soil  parent  rock 

basalt  and 

Coconino 

volcanic 

sandstone 

cinders 

Typical  soil 

silty  clay  and 

fine  sandy  loam 

texture 

silty  clav  loam 

Timber  basal 

26.4  mVha 

14.9  m^/ha 

area 

Timber  volume 

2.8  m3/ha/yr 

2.5  nr^/ha/yr 

growth 

Ponderosa  pine  was  the  major  tree  species 
on  both  areas.  Woodland  species  such  as 
Gambel  oak  (Quercus  gambelii)  and  alligator 
juniper   (Juniperus  deppeana)  were   often 


'Shnib  Sciences  Laboratory,  Intermountain  Forest  and  Range  Experiment  Station,  735  North  5()0  East,  Prove,  Utah  84601. 
'School  of  Renewable  Natural  Resources,  University  of  .Arizona,  325  Biological  Sciences,  East  Building,  Tucson,  .Arizona  85721. 
'Forestry  Sciences  Laboratory,  2221  East  Northern  Lights  Boulevard,  Suite  106.  .\nchorage,  Alaska  99508. 
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present,  and  quaking  aspen  (Popiilns  tremu- 
loides)  was  occasionally  found.  The  her- 
baceous layer  was  dominated  by  such  grami- 
noids  as  mutton  bluegrass  {Poa  fendleriana), 
bottlebrush  squirreltail  (Sitanion  hystrix), 
blue  grama  {Bouteloua  gracilis),  black  drop- 
seed  {Sporobohis  interruptiis),  and  dryland 
sedge  (Carex  geophila).  In  some  areas  Arizona 
fescue  {Festuca  arizonica)  and  mountain  muh- 
ly  {Muhlenbergia  montana)  were  prevalent. 
Typical  forbs  and  half-shmbs  were  showy  as- 
ter {Aster  commutatus),  showy  goldeneye  {Vi- 
guiera  midtiflora),  western  ragweed  {Am- 
hrosio  psilostachya),  and  broom  snakeweed 
(Gutierrezia  sarothrae).  The  shrub  layer  was 
represented  by  Gambel  oak  sprouts  and  an 
occasional  buckbrush  ceanothus  {Ceanothus 
fendleri)  or  New  Mexico  locust  {Robinia 
neomexicana). 

The  vertebrate  animal  biomass  was  domi- 
nated by  Riminants.  Cattle  {Bos  taunts),  elk 
{Cervus  canadensis),  and  deer  {Odocoilens 
hemionns)  were  the  primary  species.  Impor- 
tant smaller  mammals  included  deer  mouse 
{Peromysciis  maniculatns),  brush  mouse  {P. 
boylei),  Mexican  woodrat  {Neotoma  mexi- 
cana),  cliff  chipmimk  {Eutamias  dorsalis), 
gray-collared  chipmunk  (£.  cinereicollis), 
golden-mantled  ground  squirrel  {Spermo- 
phihis  lateralis),  Mexican  vole  {Microtus  mex- 
icanus),  cottontail  {Sylvdagus  nuttallii),  and 
Abert  squirrel  {Sciurus  aberti).  Reptiles  in- 
cluded eastern  fence  lizard  {Sceloporus  iindu- 
latits)  and  tree  lizard  {Urosarus  ornatus).  The 
more  common  birds  included  common  flicker 
{Colaptes  auratus),  Steller's  jay  {Cyanocitta 
stelleri),  white-breasted  nuthatch  {Sitta  caroli- 
nensis),  pygmy  nuthatch  (S.  pygmaea), 
Grace's  warbler  {Dendroica  graciae),  and 
gray-headed  junco  {Junco  caniceps).  Insects 
and  other  invertebrates  were  excluded  from 
this  study. 

Supplemental  information  from  other  pon- 
derosa-pine-dominated  montane  forest  stands 
was  obtained  from  the  Rattle  Burn  area 
southwest  of  Flagstaff  (Campbell  et  al.  1977), 
from  several  wildfire  burns  northwest  of 
Flagstaff  (Lowe  et  al.  1978),  and  from  an  ear- 
lier informational  synthesis  (Clary  1978). 

Background  and  Procedures 

The  information  presented  was  synthesized 
from  source  data  collected  from  the  late 


1950s  to  the  late  1970s.  Some  of  the  informa- 
tion has  not  been  reported  previously,  but 
much  has  been  obtained  from  reports  and 
publications  from  the  primary  reference 
areas  and  supplemental  study  areas.  The  bio- 
mass estimates  are  most  complete  on  the  two 
reference  areas.  Therefore,  information  from 
these  will  be  presented  as  base  condition  for 
forest  stands  on  the  Mogollon  Plateau.  Esti- 
mates of  how  the  biomass  quantity  and  com- 
position changes  as  tree  density  decreases 
from  either  cutting  or  fire  are  based  on  infor- 
mation from  supplemental  areas. 

Assumptions  for  this  synthesis  include: 

1.  The    primary   reference   areas   represent    typical   un- 
even-aged cut-over  ponderosa  pine  stands. 

2.  Typical  forest  grazing  practices  are  followed  on  the 
cattle  allotments. 

3.  A   livestock   animal-\mit   represents    1121    kg/ha   live 
weight. 

4.  Native  consumer  populations  have  luiiform  distribu- 
tion of  sex  and  age  classes. 

Information  sources  used  to  estimate  bio- 
mass are  shown  in  Tables  1  and  2.  Only 
aboveground    living    biomass    near    growing 


Table  1.  Sources  of  producer  biomass  estimates  for 
Beaver  Creek  and  Stermer  Ridge. 

Woody  plants 
Ponderosa  pine 

—  Individual  stem  equations  from  Gholz  et  al. 
(1979).  (Data  from  Fort  Valley  Experimental  For- 
est, Arizona). 

—  Stand  tables  from  Brown  et  al.  (1974)  and 
Ffolliott  and  Baker  (1977). 

Gambel  oak 

—  Individual  stem  equations  based  on  file  data, 
Shrub  Sciences  Laboratory,  Provo,  Utah. 

—  Stand  tables  from  Brown  et  al.  (1974)  and 
Ffolliott  and  Baker  (1977). 

Alligator  juniper 

—Individual  stem  biomass  based  on  data  from  Bar- 
ger  and  Ffolliott  (1972)  and  Miller  et  al.  (1981), 
and  equations  from  Gholz  et  al.  (1979). 

—  Stand  tables  from  Brown  et  al.  (1974)  and 
Ffolliott  and  Baker  (1977). 

Aspen 

—Individual   stem    equations   from    Peterson   et   al. 

(1970), 
-Stand  table  from  Brown  et  al.  (1974). 
Shrubs  (including  Gambel  oak  sprouts) 

—Field  sample  for  current  leaf  and  twig  growth  ad- 
justed to  total  biomass  based  on  Whittaker  and 
Woodwell  (1969)  and  Brown  (1976). 

Herbaceous  plants 

—Data  from  Clary  (1975)  and  Ffolliott  and  Baker 

(1977). 
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season  end  was  calculated.  Two  trophic  lev- 
els are  presented— producers  and  consumers. 
Because  no  reliable  carnivore  information 
was  found,  no  attempt  was  made  to  estimate 
biomass  of  carnivores.  Also,  because  of  a  lack 
of  insect  information  for  the  herbaceous  lay- 
er, no  insect  biomass  was  estimated  for  modi- 
fied forest  conditions. 


Table  2.   Sources  of  consumer  biomass  estimates  tor 
Beaver  Creek  and  Stermer  Ridge.' 

Domestic 
Cattle 

—Biomass  based  on  average  animal-unit-month  car- 
rying capacities  (Clary  1975)  and  from  field  sam- 
pling of  fecal  dropping  densities. 

Native 
Elk 

— .\nimal-days  from  fecal  group  data  of  Neff  (1972), 
Knise  (1972),  Clary  and  Larson  (1971),  Ffolliott 
and  Baker  (1977),  and  Neff  (pers.  comm.). 
—Live  weight  per  animal  from   Murie  (1951)  and 
Quimln  and  Johnson  (1951). 
Deer 

— Animal-davs  from  fecal  group  data  of  Neff  (1972), 
Kni.se  (1972),  Ffolliott  and  Baker  (1977),  and  Neff 
(pers.  comm.). 
—Live  weight  per  animal  adjusted  from  McCulloch 
(1962). 
Tree  squirrels 

—Density    estimates    from    David    Patton    (pers. 

comm.). 
—Live  weight  per  animal  from  Patton  et  al.  (1976). 
Rabbits 

—Density  estimates  from  fecal  count  data  of  Costa 

et  al.  (1976). 
—Live  weights  per  animal  from  field  sampling. 
Croimd-dwelling  rodents 

—Beaver  Creek  biomass  from  Goodwin  and  Hun- 

gerford(1979). 
—Stermer  Ridge  density  estimates  by  field  trapping 
with  calculations  according  to  Schnabel  method 
(Overton  and  Davis  1969),  and  home  range  areas 
estimated  from  wildlife  literature. 
Birds 

—Beaver  Creek  breeding  bird  densities  and  live 

weights  from  Szaro  (1976). 
— .\ge-class    distribution    from    Wiens    and    Innis 

(1974). 
—Stermer  Ridge  bird  densities  determined  bv  strip 
census.  Live  weights  from  Carothers  et  al.  (1973). 
Reptiles 

— Densitv  estimates   from    strip   census   and   calcu- 
lation method  of  Hayne  (1949). 
—Live  weight   per  animal  from   Universitv    of  Ari- 
zona collection. 
Insects 

—Direct  sampling  of  insect  biomass  (dry  weight) 
per  unit  weight  of  conifer  and  hardwood  foliage 
from  Ronald  Yoimg  (pers.  comm.). 

Live  weight  multiplied  by  0.3  gives  dry  weight  (Davis  and  Golley  1965). 


Differences  in  biomass  on  the  supplemen- 
tal study  areas  (with  and  without  reductions 
in  overstory  tree  density)  are  expressed  as 
percent  change  because  of  some  differences 
among  areas  in  manner  of  data  collection. 

Results  in  Reference  Areas 

Producer 

Plant  biomass  on  the  two  reference  areas, 
Beaver  Creek  and  Stermer  Ridge,  totaled 
83,459  and  67,943  kg/ha,  respectively  (Table 
3).  Coniferous  trees  made  up  approximately 
89  percent  and  hardwood  trees  approx- 
imately 11  percent  of  the  producer  biomass, 
and  shrubs  and  herbaceous  plants  contributed 
only  trace  amounts.  The  conifer  category 
consisted  of  98  percent  ponderosa  pine  and  2 

T.\BLE  3.   Producer-consimier  biomass  estimates. 


Beaver 

Stermer 

Life  form 

Creek 

Ridge 

Plant 

(kg/ha  di 

•y  weight) 

Woody  plants 

Trees,  coniferous 

Foliage 

5,638 

3,7.33 

Branches 

18,272 

1.5,015 

Boles 

48,125 

43,785 

Total 

72,0.35 

62,.533 

Trees,  deciduous 

Foliage 

432 

202 

Branches 

2,159 

1,012 

Boles 

8,639 

4,049 

Total 

11,2.30 

5,263 

Shrubs 

Foliage  and 

current  twigs 

18 

19 

Other 

54 

57 

Total 

72 

76 

Total 

83,337 

67,872 

Herbaceous  plants 

122 

71 

Plant  total 

83,459 

67,943 

Animal 

Domestic 

Cattle 

6.11 

2.32 

Native 

Elk  and  deer 

.60 

.39 

Ground  rodents  and 

rabbits 

.10 

.03 

Tree  squirrels 

.05 

.02 

Birds 

.09 

.04 

Reptiles 

.04 

.02 

Insects 

.39 

.24 

Total 

1.27 

.74 

Animal  total 

7.38 

3.06 
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percent  alligator  juniper.  The  deciduous  tree 
biomass  was  nearly  all  Gambel  oak  with  only 
a  trace  of  aspen.  Woody  tissues  dominated. 
Tree  boles  constituted  69  percent  and 
branches  made  up  24  percent  of  the  total 
producer  biomass.  Only  7  percent  of  the  late 
growing-season  standing  crop  biomass  was  fo- 
liage, which  is  the  primary  food  source  for 
most  of  the  consumer  component  of  the 
forest. 

These  proportions  vary  in  their  com- 
parability to  other  forest  types.  Conifer 
stands  are  often  3-5  percent  foliage,  12-17 
percent  branches,  and  78-85  percent  boles 
(Grier  et  al.  1981,  Whittaker  and  Niering 
1975).  Balsam  fir  {Abies  hahamea)  may  be  23 
percent  foliage  and  only  59  percent  boles 
(Post  1970).  Hardwoods  are  generally  2-3 
percent  foliage,  18-34  percent  branches,  and 
63-79  percent  boles  (Crow  1978,  Post  1970, 
Ovington  et  al.  1963).  Thus,  the  montane 
conifer-dominated  Mogollan  Plateau  forests 
are  similar  to  other  conifer  forests  in  their 
proportion  of  foliage,  but  similar  to  many 
hardwood  forests  in  the  proportion  of 
branches  and  boles.  A  possible  reason  is  that 
most  southwestern  ponderosa  pine  forests  are 
rather  open.  This  open  characteristic  may  en- 
courage the  production  of  large  branches,  a 
trait  typical  of  southwestern  ponderosa  pine 
(Pearson  1950). 

The  tree  biomass  in  these  reference  stands 
averaged  approximately  75  metric  tons/ha. 
This  value  is  toward  the  lower  end  of  the 
range  of  50-300  tons/ha  for  Rocky  Mountain 
forests  suggested  by  Weaver  and  Forcella 
(1977).  The  value  appears  reasonable  because 
the  ponderosa  pine  vegetation  type  normally 
occupies  the  lowest  elevation  and  the  lowest 
precipitation  zone  of  the  commercial  forest 
types  in  the  Southwest.  However,  in  climax 
or  near-climax  ponderosa  pine  stands  on  the 
Santa  Catalina  Mountains  near  Tucson,  Ari- 
zona, the  total  stand  biomasses  were  213-330 
percent  greater  than  the  reference  stands  of 
this  study  (Whittaker  and  Niering  1975). 
These  relatively  mature  climax  stands  had 
double  the  basal  area  per  hectare  of  the  Mo- 
gollon  Plateau  reference  stands,  and  their  av- 
erage stem  age  of  93-150  years  was  probably 
much  greater.  Although  the  age  structure  of 
the  reference  stands  was  not  determined,  the 
large  number  of  small  stems  (Brown  et  al. 


1974,  Ffolliott  and  Baker  1977)  suggests  that 
these  stands,  and  indeed  most  cut-over  south- 
western ponderosa  pine  stands  (Pearson 
1950),  would  have  a  much  younger  average 
age  and  much  less  accumulation  of  biomass 
than  the  stands  of  Whittaker  and  Niering 
(1975).  While  the  latter  stands  apparently 
represented  specific  situations  (sampled  by 
0.1-ha  plots),  the  reference  stand  data  of  this 
study  represented  the  average  situation 
across  several  hundred  hectares  of  forest.  It  is 
likely,  therefore,  to  be  acceptably  representa- 
tive of  cutover  forests.  In  comparison  to  sev- 
eral forests  in  other  areas,  the  reference 
stands  contain  biomass  equivalent  to  17  per- 
cent of  a  180-year-old  Pacific  silver  fir  {Ahies 
amahiUs)  stand  in  Oregon  (Grier  et  al.  1981), 
about  73  percent  of  several  Wisconsin  hard- 
wood forests  (Crow  1978),  and  about  185 
percent  of  a  26-year-old  mountain  maple 
stand  {Acer  spicatum)  in  New  Brunswick 
(Post  1970). 

Consumer 

The  producer  biomass  supported  a  com- 
paratively small  amount  of  consumer  biomass 
(Fig.  1).  The  consumer  biomass  was  approx- 
imately 3  to  7  kg/ha,  or  less  than  0.01  per- 
cent of  the  total.  Domestic  herbivores,  prin- 
cipally cattle,  made  up  86  percent  of 
consumer  biomass.  The  remainder  was  con- 
tributed by  a  variety  of  native  species 
(Table  3). 

Nearly  three-quarters  of  the  native  verte- 
brate consumer  biomass  was  contributed  by 
the  large  mammalian  herbivores— elk  and 
deer.  The  categories  of  "birds"  and  "ground 
rodents  and  rabbits"  each  contributed  about 
one-tenth  of  the  native  vertebrate  biomass, 
although  it  should  be  noted  that  rabbits  gen- 
erally have  very  low  populations  in  south- 
western ponderosa  pine  forests  (Costa  et  al. 
1976).  The  remaining  vertebrate  biomass  val- 
ues were  contributed  by  "tree  squirrels"  and 
"reptiles."  The  insect  biomass  exceeded  all 
categories  of  native  vertebrates  except  "elk 
and  deer." 

Examination  of  the  consumer  distribution 
suggests  that  a  majority  of  the  native  verte- 
brate biomass  and  nearly  all  livestock  bio- 
mass were  supported  by  herbaceous  plants, 
which  contributed  less  than  one-half  percent 
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All  trees 
removed 


CONSUMER 


PRODUCER 


ncreased  300% 


reduced  99% 


Reference 
forest   stands 


CONSUMER 


3   to   7    kg/ha 


PRODUCER       67,943   to    83,459    kg/ha 


Fin.  1.   Simplified  hioinass  p\iaiiiid  for  reference  stands,  and  the  approximate  proportional  change  following  tree 
removal. 


of  the  total  biomass.  Ponderosa  pine  trees  ap- 
peared to  provide  the  most  direct  food 
source  and  foraging  substrate  benefits  to  tree 
squirrels  (Patton  1975),  certain  bird  species 
(Szaro  1976),  and  certain  insect  species  (Ron- 
ald Young,  pers.  comm.).  Gambel  oak  foliage, 
which  constitutes  only  about  6  percent  of  the 
woody  plant  foliage,  apparently  provides  a 
substantial  contribution  to  consumer  nutri- 
tion. Oak  leaves  were  a  major  component  of 
mule  deer  summer  diets  on  the  Mogollon 
Plateau  (Neff  1974),  and  Gambel  oak  foliage 
supported  insect  biomass  at  approximately 
five  times  the  rate  per  unit  weight  of  foliage 
as  did  ponderosa  pine  (Young,  pers.  comm.). 

Normal  activities  of  forest  insects  may  be 
more  important  in  energy  flow  and  nutrient 
cycling  than  are  other  consumers.  If  con- 
sumption by  insects  approaches  7  percent  of 
total  forest  foliage  biomass  (Whittaker  and 
Woodwell  1969),  insect  consumption  in  these 
reference  stands  would  approximate  350 
kg/ha.  This  amount  would  greatly  exceed 
that  taken  by  all  other  consumers  combined 
because  it  would  exceed  the  total  biomass  of 
the  shnib  and  herbage  components.  Insect 
consumption  at  only  half  this  amount  would 
still  likely  equal  the  amount  taken  by  all 
other  consumers. 


The  biomass  values  given  represented  late- 
growing  season  situations.  Live  biomass  dur- 
ing midwinter  would  be  lower.  Nearly  all  of 
the  herbage,  all  of  the  deciduous  tree  foliage, 
approximately  one-third  of  the  coniferous 
tree  foliage,  and  a  great  majority  of  the  con- 
sumer biomass  would  be  absent  then.  The 
large  herbivores,  many  birds,  and  some  of  the 
carnivores  migrate  to  warmer  winter  habi- 
tats, leaving  a  much  reduced  consumer 
biomass. 

The  authors  know  of  no  other  compilation 
of  forest  consumer  biomass  against  which 
these  reference  stand  estimates  may  be 
compared. 

Results  in  Areas  after 
Reductions  in  Tree  Density 

Several  sources  of  information  show  what 
happened  to  the  consumer  biomass  when 
partial  reductions  in  the  timber  stand  oc- 
curred (Table  4).  As  the  forest  density  was  re- 
duced, tree  foliage  and  total  biomass  were  re- 
duced, and  the  biomass  of  herbaceous  and 
some  shrubby  plants  increased.  A  parallel  re- 
sponse in  vertebrates  occurred,  with  ground- 
feeding  consumers  tending  to  increase,  and 
those  species  most  directly  dependent  upon 
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the  trees,  such  as  tree  squirrels,  tending  to  de- 
crease as  forest  density  was  reduced.  Some 
reductions  in  tree  density  occurred  without 
reductions  in  bird  life  (Szaro  1976).  If  reduc- 
tions in  tree  density  result  in  accumulations 
of  slash,  large  proportional  increases  can  oc- 
cur in  small  mammal  populations  (Goodwin 
and  Hungerford  1979). 

Total  removal  of  trees  resulted  in  much 
less  foliage  per  hectare.  Nevertheless,  the  in- 
creased herbaceous  foliage  supported  a  sever- 
al hundred  percent  increase  in  vertebrate 
consumer  biomass  (Table  4).  This  increase 
was  primarily  a  reflection  of  the  difference  in 
carrying  capacity  for  livestock,  although  bio- 
masses  of  many  species  of  wildlife  also  in- 
creased when  herbaceous  plants  increased. 
Because  the  productivity  of  herbaceous  vege- 
tation was  higher,  many  ground-dwelling 
wildlife  species  maintained  higher  biomasses 
in  the  absence  of  trees,  particularly  when 
cover  was  present  (Goodwin  and  Hungerford 
1979,  Campbell  et  al.  1977,  Reynolds  1962). 
However,  considerable  variation  in  the  den- 
sities of  both  small  and  large  herbivores  oc- 
curred, apparently  because  of  cover  require- 
ments. Variations  in  the  size  of  the  opening, 
topography,  presence  of  woody  plants,  and 
the  presence  of  slash  and  other  low  cover 
will  result  in  differences  in  native  herbivore 
densities.  Available  information  suggests  vari- 
ations of  ±  60  percent  to  80  percent  will  oc- 
cur. Animal  species  shifts  also  occur  as  open- 
ings become  large  if  little  cover  is  present 


(pronghorn  replace  elk  and  deer,  for  ex- 
ample) (Clary  1978). 

Tree  squirrels  and  many  birds  were  usually 
supported  in  higher  biomasses  in  the  forest 
than  in  the  openings  (Patton  1975,  Szaro 
1976).  However,  total  bird  biomass  some- 
times actually  increases  following  tree  re- 
moval when  smaller  tree-foraging  birds  are 
sufficiently  replaced  by  larger  ground-forag- 
ing species  (Lowe  et  al.  1978).  Different  re- 
sponses by  birds  to  areas  with  trees  removed 
were  probably  due  to  differing  residual  habi- 
tats. Little  habitat  variety  remained  after 
complete  logging,  whereas  wildfire  left  a 
large  number  of  standing  dead  trees  that  pro- 
vided specialized  habits  for  certain  bird  and 
small  mammal  species. 

Conclusions 

The  ponderosa-pine-dominated  reference 
stands  on  the  Mogollon  Plateau  averaged  ap- 
proximately 75  metric  tons/ha  of  plant  bio- 
mass. Consumers  made  up  less  than  0.01  per- 
cent of  the  total  forest  biomass,  but  increased 
in  stands  where  tree  densities  were  reduced. 
However,  even  the  loss  of  all  trees  resulted  in 
a  gain  of  only  20  to  30  kg /ha  of  consumer 
biomass. 

These  montane  forests  are  near  the  lower 
end  of  the  biomass  range  for  commercial  for- 
est types,  but  we  know  of  no  forested  situa- 
tion for  which  equivalent  estimates  of  con- 
sumer biomass  are  available.  Therefore,  no 


Table  4.  Percentage  estimates  of  several  biomass  responses  to  reduction  in  forest  stand  densities. 

Percentages 


Several  ages  of 
thinning' 


Recent  wildfire     Recent  wildfire     Several  ages  of 
burn-  burn-  wildfire  burn' 


Several  ages  of 
logging' 


Woody  plants  29  decrease 

Herbaceous  plants  57  increase 

Domestic  animals 

Cattle  51  increase 

Native  animals 

Elk  and  deer'  67  increase 
Ground  dwelling  rodents   100  increase 

Tree  squirrels  50  decrease 

Birds  no  change 
Insects  — 


44  decrease"' 
128  increase 


14  increase 


125  increase 
109  increase 


94  decrease' 
195  increase 

145  increase 

90  increase 
65  increase 


99  decrease 
270  increase 


105  increase 
40  increase 


73  increase 


100  decrease 
451  increase 

375  increase 

200  increase 

200  increase 

100  decrease 

90  decrease 


'Clary  1978 

-Campbell  et  al.  1977. 

'Lowe  et  al.  1978. 

'Ba.sal  area  chanj;e. 

'Conimercial  volume  change. 

"Biomass  of  these  larger  animals  is  not  supported  on  a  continuous  basis  in  forest  openings  because  of  their  movements  in  and  out.  The  biomass  value  given  is 

proportional  to  the  amount  of  use  received. 
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comparisons  are  possible  for  the  ability  of  the 
Mogollon  Plateau  forests  to  support  con- 
sumer biomass  in  relation  to  other  forest 
types.  We  do  know  that,  because  most  of  the 
vertebrate  consumer  biomass  consisted  of 
ruminant  grazers,  the  secondary  production 
in  tliis  forest  is  easily  channeled  into  meat 
supplies  for  people. 

We  feel  there  should  be  more  thorough  in- 
vestigations of  biomass  components  of  most 
biological  systems.  This  would  provide  an  im- 
proved basis  for  the  understanding  of  the  ba- 
sic structure  and  fimctioning  of  natural  and 
modified  ecosystems. 
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ROLE  OF  LIVESTOCK  AND  BLACK-TAILED  JACKRABBITS 
IN  CHANGING  ABUNDANCE  OF  KOCHIA  AMERICANA' 

William  R.  Clark-  and  Frederic  H.  Wagner' 

,\bstract.—  Historical  accounts  and  matched  photographs  indicate  sharp  decline  of  once-abundant  Kochui 
(imericana  in  eastern  Great  Basin  vegetation  since  the  early  1900s,  most  of  the  decline  by  the  late  1950s.  Exclosure 
data  show  further  decline  from  1957  to  1973.  then  some  increase  between  1970  and  197.3  and  1976  and  1981.  Utah 
sheep  numbers,  at  ma.xinumi  from  1925  to  1940  and  declining  steadily  to  the  1970s,  may  have  induced  the  long-term 
changes.  Black-tailed  jackrabbits  (Lepiis  californictis).  could  not  have  induced  vegetation  decline,  but  could  have 
added  to  livestock  pressure  and  abetted  the  trend.  In  1972,  rabbits  near  a  cyclic  high  were  indirectly  estimated  to 
completely  utilize  K.  (imericana  in  Curlew  Valley,  northwestern  Utah.  In  1976-1977  at  rabbit  low,  direct 
measurements  show  4%-18%  of  plants  browsed  by  late  simimer,  about  30%-50%  of  herbage  removed  from  browsed 
plants.  The  latter  rose  to  45%-82%  by  end  of  winter.  Late-summer  percent  browsed  may  have  risen  slightly 
(11%-21%)  in  1980-1981  at  next  rabbit  high.  Increa.se  in  K.  americana  density  from  1973  to  1976,  then  a  slight 
decrease  from  1976  to  1980,  suggests  fluctuating  K.  americana  abundance  induced  by  rabbit  browsing,  superimposed 
on  lontr-term  K.  americana  decline  and  recovery. 


This  paper  presents  data  on  the  degree  to 
which  black-tailed  jackrabbits  {Lepiis  califor- 
nictis) utilize  the  chenopodiaceous  half-shrub 
Kochia  americana  in  the  salt-desert  shrub 
vegetation  of  western  Utah  and  explores  the 
role  of  jackrabbits  and  livestock  in  the  histor- 
ic changes  of  abundance  reported  for  this 
species.  Variously  called  "white  sage" 
(Kearny  et  al.  1914),  "brown  sage"  (Esplin  et 
al.  1937),  "grey  molly"  (Stewart  et  al.  1940), 
and  "desert  molly"  (Cook  1961)  by  earlier 
authors  and  generally  referred  to  as  Kochia 
vestita,  this  halophytic  suffn.itescent  half- 
shrub  typically  reaches  heights  of  5-20  cm. 
Its  imbranched,  vertical  stems  lignify  and  die 
each  fall  to  be  replaced  by  new  spring 
growth  rising  from  the  root  crown. 

Kochia  americana  and  other  species  of 
similar  stature  form  a  mosaic  of  vegetation 
types  in  the  glacial  Lake  Bonneville  basin, 
the  patchwork  of  simple  or  monotypic  com- 
munities reflecting  variations  in  micro- 
topography,  salinity,  and  other  soil  variables. 
Historically,  the  species  grew  in  extensive, 
nearly  monotypic  stands  interdigitating  with 
big  sagebrush  {Artemisia  tridentata)  at 
slightly  higher  elevations  and  merging  with 
shadscale  {Atriplex  confertifolia)  at  its  lower 
edge  (Kearney  et  al.  1914).  Alternatively,  it 
grew  and  continues  today  as  a  co-dominant 


with  shadscale,  or  with  greasewood  {Sar- 
cobatus  vermiculatus)  at  still  lower 
elevations. 

The  species  has  moderate  forage  value  for 
sheep  (Esplin  et  al.  1937,  Cook  and  Stoddart 
1953,  Clarke  and  West  1969)  and  is  preferred 
by  black-tailed  jackrabbits  (Clark  1979,  1981, 
Westoby  1980).  Several  observers  (e.g..  Cook 
1961,  Rogers  1980)  have  reported  sharp  de- 
clines in  K.  americana  abundance  and  dis- 
tribution between  the  early  1900s  and  the 
1950- 1970s.  These  declines  may  be  part  of 
the  more  general,  grazing-induced  vegetation 
changes  occurring  over  this  same  period 
(Kearny  et  al.  1914,  Christensen  and  Johnson 
1964,  Holmgren  and  Hutchings  1972,  Rogers 
1980).  More  recently,  our  own  observations 
indicate  some  increase  in  K.  americana  in  the 
past  decade  or  so.  This  paper  addresses  this 
history  of  changes  in  K.  americana  and  pos- 
sible herbivorous  causation. 

Methods 

Study  Area 

Measurements  of  K.  americana  density  and 
biomass,  utilization  rates  by  jackrabbits,  cen- 
suses of  jackrabbits,  and  certain  earlier  stud- 
ies to  which  we  will  refer  were  carried  out  in 
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the  Utah  portion  of  3.300  km^  Curlew  Valley. 
The  valley  lies  north  of  the  Great  Salt  Lake 
in  northwestern  Utah  and  southern  Idaho. 
Valley  floor  elevations  range  from  1585  to 
1280  m,  sloping  toward  the  lake.  A  few  iso- 
lated hills  (maximum  elevation  ca  1585  m) 
occur  in  the  study  area.  The  climate,  charac- 
teristic of  the  Great  Basin  Desert,  has  annual 
precipitation  ranging  from  180  to  420  mm, 
mostly  as  winter  snow.  Mean  monthly  tem- 
peratures range  from  -7  C  in  January  to  23  C 
in  July.  Four  major  vegetation  zones  occur 
along  the  elevational  gradient,  including 
those  dominated  by  Utah  juniper  (Juniperus 
osteospemia),  big  sagebrush,  shadscale,  and 
greasewood. 

Although  in  earlier  years  K.  americana  oc- 
curred in  a  mosaic  of  pure  stands  and  sage- 
brush patches  in  Curlew  Valley  (Cook  1961), 
it  is  foimd  largely  in  association  with  shad- 
scale  and  greasewood  today.  In  the  shadscale 
type,  K.  americana  occurs  as  scattered  indi- 
viduals and  as  a  near  co-dominant  with  shad- 
scale. In  greasewood,  it  reaches  its  largest 
form,  often  imder  the  greasewood  canopy, 
but  also  scattered  in  the  interspaces  between 
the  dominant  shrubs.  Both  vegetation  types 
include  variable  amounts  of  squirreltail  grass 
(Sitanion  hystrix),  halogeton  {Halogeton 
glomeratus),  peppergrass  {Lepiditim  per- 
foliatum),  and  tansy-mustard  {Desciiraina 
spp.). 

Vegetation  Measurements 

In  April  1976  two  1-ha  livestock-proof  ref- 
erence areas  were  established  in  the  valley  to 
measure  jackrabbit  use  of  K.  americana,  one 
in  the  shadscale  type,  one  in  greasewood. 
Comers  of  24  2  X  8  m  plots  were  randomly 
located  within  each  enclosure. 

Kochia  americana  plants  were  sampled  in 
these  areas  in  June  at  approximate  peak 
standing  crop  (Shinn  et  al.  1975)  in 
1976-1977,  in  August  or  September  in  these 
years  plus  1980,  and  in  February  1977  and 
1978.  Two  measures  of  jackrabbit  use  were 
taken.  The  first,  "percent  removal,"  was  the 
percentage  of  standing  crop  removed  from 
K.  americana  plants  that  had  been  browsed. 
Jackrabbits  waste  much  of  the  plants  on 
which  they  browse  (Currie  and  Goodwin 
1966,  Shoemaker  et  al.  1976).  Cut  stems  and 


wasted  material  arovmd  the  base  of  plants  are 
cues  to  browsing.  Hence,  percent  removal  in- 
cludes both  the  amounts  ingested  and  wasted. 

Both  plant  biomass  and  percent  removal 
were  estimated  on  individual  plants  within 
plots  by  ocular  calibration  (Tadmor  et  al. 
1975).  Calibration  trials  were  conducted  each 
morning  before  data  collection,  and  biomass 
and  percent  removed  were  visually  estimated 
within  the  reference  areas  (Clark  1979). 

Black-tailed  jackrabbits  are  the  only  Lepits 
species  in  the  lower  elevations  of  Curlew 
Valley;  although  two  cottontail  species  (Syl- 
vilagus  niittalli  and  Brachylagiis  idahoensis) 
occur,  they  are  scarce  and  restricted  to  habi- 
tats unlike  the  reference  areas.  Johnson 
(1961)  surveyed  food  habits  of  rodents  in  sim- 
ilar Idaho  rangeland  and  found  that  none  ate 
significant  amounts  of  K.  americana,  al- 
though it  occurred  in  his  study  area.  Hence, 
the  observed  browsing  probably  was  nearly 
all  by  jackrabbits. 

The  second  measure  of  jackrabbit  use  in 
the  reference  areas  was  the  percentage  of  all 
K.  americana  plants  within  plots  showing 
some  utilization  (Stoddart  et  al.  1975)  and  is 
hereinafter  called  "percent  browsed."  During 
the  same  months  these  measurements  were 
made  in  the  reference  areas,  similar  percent- 
browsed  observations  were  made  on  100  K. 
americana  plants  along  each  of  a  number  of 
transects  randomly  located  through  the  Utah 
portion  of  Curlew  Valley.  Transects  also 
were  sampled  in  July  1981.  Observed  plants 
were  selected  by  the  wandering  quarter 
method  (Catana  1963). 

Kochia  americana  density  was  measured  in 
the  reference  areas  in  1976  and  1980  with 
the  24  plots/ exclosure  as  described;  in  sum- 
mer 1981  at  an  exclosure,  originally  live- 
stock- and  jackrabbit-proof,  established  in 
1957  by  E.  H.  Cronin  in  about  the  center  of 
the  Utah  portion  of  Curlew  Valley;  and  at  an 
exclosure  termed  C04  by  Rice  and  Westoby 
(1978)  in  the  western  part  of  the  valley.  At 
the  Cronin  exclosure,  we  placed  8  transects 
with  a  total  of  121  O.l-m^  quadrats  each  in- 
side and  outside,  6  m  from  and  parallel  to  the 
fence.  At  C04,  we  established  4  transects 
with  a  total  of  40  02-m-  quadrats  each  inside 
and  outside,  similarly  oriented  to  the  fence. 

Unless  otherwise  noted,  all  plant  means  re- 
ported are  accompanied  by  one  standard  de- 
viation.  Probability  levels  for  all  statistical 
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tests  are  the  probability  of  a  greater  test  sta- 
tistic, assuming  that  the  null  hypothesis  is 
true. 

Jackrabbit  Census 

Jackrabbit  populations  in  the  Utah  portion 
of  Curlew  Valley  have  been  censused  since 
fall  1962  as  described  in  Gross  et  al.  (1974). 
During  the  years  of  the  present  study,  cen- 
suses were  conducted  by  L.  C.  Stoddart  (pers. 
comm.). 

Results 

Historical  Changes  in 
K.  americana  Abundance 

Earhj  1900s  to  1950s-1970s 

To  our  knowledge,  the  abundance  of  K. 
americana  in  salt-desert  shrub  vegetation  of 
the  eastern  Great  Basin  at  the  time  of  Eu- 
ropean settlement  was  not  recorded  and  is 
not  known.  Early  explorers  and  settlers  ap- 
parently lumped  all  salt-desert  shrubs  and 
half-shrubs  in  the  single  category  "sage"  or 
"sagebmsh"  (Christensen  and  Johnson  1964). 
Thus,  although  early  reports  describe  the  al- 
titudinal  distribution  of  shrub  zones,  it  is  not 
possible  to  distinguish  the  species  and  their 
abmidance  and  distribution. 

Nevertheless,  several  important  accounts 
were  recorded  by  the  early  1900s.  Kearny  et 
al.  (1914)  presented  a  map  of  extensive  (sev- 
eral km^),  nearly  monotypic  K.  americana 
zones  in  the  vicinity  of  Tooele  and  Grants- 
ville,  Utah.  Rogers  (1980)  reproduced  photo- 
graphs taken  in  1912  in  three  areas  of  Tooele 
Valley  showing  similar  monotypic  stands. 
Cook  (1961)  inferred  that  such  stands  oc- 
curred in  a  mosaic  with  patches  of  sagebrush 
in  Curlew  Valley  at  some  time  preceding  his 
observations  in  the  late  1950s. 

Table  1.  Comparison  of  K.  americana  cover  and  densitv  between  1972-73  and  1981  at  two  exclosures  in  Citric 
Vallev,  Utah. 


Kochia  americana  evidently  declined  in 
abundance  between  those  early  years  and  the 
decades  of  the  1950-1970s.  Rogers  (1980) 
photographed  the  original  Shantz  (Kearney 
et  al.  1914)  sites  in  Tooele  Valley  in  1978  and 
found  former  K.  americana  areas  now  occu- 
pied by  exotic  annuals  and  some  weedy  pe- 
rennials (e.g.,  Xanthocephalum  sarothrae  and 
Chrysothamnus  nauseosus).  By  the  late 
1950s,  Cook  (1961)  found  openings  in  sage- 
brush in  Curlew  Valley,  which  he  inferred 
had  previously  been  in  K.  americana,  now 
largely  covered  with  the  exotic  halogeton. 
Evidence  of  previous  K.  americana  occu- 
pancy was  provided  by  dead  K.  americana 
root  crowns  protruding  from  the  soil  .surface. 
Similarly,  in  spring  1962,  Dwayne  Goodwin 
showed  F.  H.  Wagner  numerous  dead  root 
crowns  in  openings  between  sagebrush  stands 
that  were  barren  of  live  perennials.  Thus, 
most  of  the  decline  probably  occurred  be- 
tween early  dates  of  abundance  and  the  late 
1950s. 

Changes  from  1950s  to  1970s 

Evidence  of  the  past  24  years  points  to 
some  further  reduction  during  this  period. 
When  the  Cronin  exclosure  was  established 
in  1957,  the  K.  americana  density  was  com- 
parable inside  and  outside  the  fence.  In  1972, 
Westoby  (1973)  measured  K.  americana  cov- 
er both  inside  and  outside  the  exclosure  and 
found  it  25  times  more  abundant  inside 
(0.25%  vs.  0.01%).  Today,  a  casual  glance 
shows  K.  americana  to  be  a  common  species 
inside  the  fence,  but  virtually  nonexistent 
outside.  In  summer  1981  our  measurements 
showed  K.  americana  density  at  3.5±9.9/m- 
inside  the  same  exclosure  and  0.1±8.9/m- 
outside  (Table  1).  Clearly  K.  americana  has 
declined  outside  the  exclosure  in  this  area 
since  1957. 


Exclosure 

%  cover  ± 

std. 

dev. (N) 

Plants/m2  ±  std.  dev.  (N) 

and  location 

1972' 

1981- 

1973' 

1981- 

Cronin  inside 
Cronin  outside 
C04  inside 
C04  ouside 

0.25 
0.01 
0.8 
0.3 

2.5   ±6.6(121) 
0.04±0.2(121) 
1.2   ±2.7(40) 
1.2   ±2.3(40) 

2 
2 

3.5  ±   9.9(121) 
0.1  ±   8.9(121) 
4.7±10.0(40) 
4.0  ±   7.7(40) 

From  Westoby  (1973) 
•This  study 
From  Rice  and  Westoby  (1978) 
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Changes  from  1971  to  1981 

Several  lines  of  evidence  suggest  that  K. 
americana  abundance  may  have  reached  a 
low  point  in  the  early  1970s  and  recovered  in 
the  last  decade.  The  first  is  a  comparison  of 
standing-crop  biomass  measured  in  1972  in 
several  areas  of  Curlew  Valley  by  Westoby 
(1973)  with  our  own  more  recent  measure- 
ments in  the  two  reference  areas.  We  esti- 
mated dry  weight  per  live  plant  in  late  sum- 
mer 1976,  1977,  and  1980  (Table  2).  The 
grand  mean  of  7.1  g/ plant  is  11.8  times  the 
0.6  obtained  by  Westoby  (unpubl.  data). 
Combining  the  density  (Table  3)  and  dry- 
weight  data  for  each  area  yields  estimates  of 
16.0  ±21.0  g/m2  in  the  shadscale  area, 
6.0 ±38.7  g/m2  for  the  greasewood  area. 
These  values,  more  than  11.8  times  the  yearly 
average  standing  crop  of  0.2  g/m^  measured 
by  Westoby  (1973)  in  1972  for  his  studied 
portions  of  the  valley,  imply  greater  density 
of  plants  and  considerably  greater  standing 
crop.  He  estimated  2.4  g/m^  average  stand- 
ing crop  at  the  same  greasewood  site  as  the 
reference  area  in  this  study  where  we  mea- 
sured 6.0  g/m-. 

Secondly,  in  summer  1981,  we  estimated 
K.  americana  density  and  cover  in  the  Cronin 
exclosure  and  Exclosure  C04,  both  measured 
8-9  years  earlier.  The  comparative  figures 
(Table  1)  show  definite  increase  in  both 
areas.  Although  Westoby  (1973)  considered 
the  Cronin  exclosure  to  be  jackrabbit-proof 
in  1972,  the  fence  is  now  perforated  in  sever- 
al places  and  the  interior  accessible  to  rab- 
bits. In  1981,  as  in  1973  (Rice  and  Westoby 
1978),  the  fence  around  C04  was  not  jack- 
rabbit-proof and  the  interior  subject  to  their 
use.  Both  are  livestock-proof. 

Gmngesfrom  1976  to  1980 

Kochia  americana  density  measurements  in 
1976  and  1980  (Table  3)  suggest  some  slight 
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Fig.  1.  Annual  number  of  stock  sheep  plus  iamiis  in 
Utah  as  reported  by  the  USDA  Statistical  Reporting  Ser- 
vice. Before  1924,  only  stock  sheep  were  reported.  Be- 
cause the  totals  from  192.5  to  1940  generally  equaled 
1.5-1.6  times  the  number  of  stock  sheep,  the  latter  val- 
ues for  1870-1920  were  multiplied  bv  1.5  to  give  the  val- 
ues in  the  grapli. 

decline  in  the  two  reference  areas  during  the 
four-year  period  (F  =  5.93,  df=  1,68; 
F=  0.018).  Analysis  of  variance  also  showed 
the  2.6/m2  in  the  greasewood  area  to  be  sig- 
nificantly greater  than  the  l.l/m^  in  the 
shadscale  area  (F  =  53.32;  d/=  1,68; 
P< 0.001),  although  dry-weight/plant  (Table 
2)  was  significantly  less  in  the  greasewood 
zone  (F=  103.3;  df=  1,2;  P<0.001). 

Changes  in  Herbivore  Numbers 

Sheep 

Because  the  value  of  K.  americana  to  live- 
stock generally  is  considered  to  be  its  use  as 
winter  sheep  forage,  only  sheep  numbers  are 
considered  here.  USDA  Statistical  Reporting 
Service  estimates  of  sheep  numbers  in  Utah 
date  back  to  1870  and  show  a  steady  rise 
from  low  initial  numbers  to  something  over  2 
million  in   1890  (Fig.   1).  They  remained  at 


Table  2. 

Dry- 

weight  biomass 

per 

live  K.  americana  plant  in 

two 

reference  areas  in  Curlew 

Valley, 

Utah. 

eriod 

Mean  biomass, 

g/plant  ±  1  std. 

dev. 

(N) 

Sampling  p 

Shadscale  area 

Greasewood  area 

Perioc 

means 

September  1976 
September  1977 
August  1980 


20.1  ±,35.1  (.380) 

8.4±  19.4  (311) 

12.8± 20.5  (151) 


2.3 ±.36.6  (931) 
1.6  ±20. 1(239) 
3.5  ±   8.7(138) 


7.5 ±,36.2  (1311) 
5.4  ±19.7  (550) 
8.4  ±14.9    (289) 


Area  means 


14.5  ±26.7  (842) 


2.3 ±,30.6  (1,308) 


7.1  ±19.1  (2,150) 
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about  this  level  for  the  next  30  years,  then 
rose  to  somewhere  near  4  million  between 
1925  and  1940.  Peak  numbers  were  reached 
about  1930,  and  the  industry  declined  there- 
after. Numbers  dropped  below  1  million  in 
the  later  1970s,  a  level  above  which  the  in- 
dustry had  operated  for  nearly  a  century. 

The  records  for  Curlew  Valley  are  not  as 
complete,  but  Rice  and  Westoby  (1978)  have 
described  several  stages  of  livestock  use  in 
the  valley  that  indicate  declining  grazing 
pressure  from  intensive  use  in  1869-1919  to 
the  present.  In  this  first  half  century,  the  area 
was  a  main  travel  route  for  herds  driven  to 
the  railroad  at  its  south  end.  This  pressure 
disappeared  in  1919  when  the  railroad  was 
rerouted.  Sheep  and  cattle  grazing  by  local 
stockmen  continued  up  to  the  present,  but  at 
declining  levels,  and  today  the  grazing  pres- 
sure probably  is  at  the  lowest  level  of  a  cen- 
tury or  n;ore.  Present  sheep  grazing  is  con- 
fined to  areas  at  least  15  km  south  of  the 
locc  tions  where  jackrabbit  use  of  vegetation 
was  estimated. 

Jackrabbits 

There  has  been  a  tendency  in  the  small- 
mammal  literature  to  consider  black-tailed 
jackrabbits  as  serai  animals  that  occur  in 
greater  numbers  in  disturbed  areas  (Vorhies 
and  Taylor  1933,  Phillips  1936,  Smith  1940, 
Tiemeier  1965),  although  Flinders  and  Han- 
sen's (1975)  and  MacCracken  and  Hansen's 
(1982)  later  findings  do  not  follow  the  pat- 
tern. The  tendency  arising  out  of  the  earlier 
literature  has  been  to  assume  that  jackrabbits 
have  increased  since  settlement  as  a  result  of 
grazing-induced  vegetation  changes  (Taylor 
et  al.  1935,  Smith  1940,  Taylor  and  Lay 
1944). 

Nevertheless,  most  of  this  theory  comes 
from  grassland  (including  desert  grassland) 
regions.  Jackrabbits  evidently  were  quite 
abundant  in  the  more  arid  West  at  settlement 


time  and  before.  Early  settlers  in  what  is  now 
Utah  recounted  as  early  as  1860  large  num- 
bers of  jackrabbits,  in  some  cases  decimating 
cultivated  crops  and  serving  as  a  dietary 
staple  for  Indian  inhabitants  (Christensen  and 
Johnson  1964,  Christensen  and  Hutchinson 
1965).  Palmer  (1897)  compiled  a  number  of 
reports,  some  for  northern  Utah  and  southern 
Idaho,  of  high  jackrabbit  populations  as  early 
as  1854.  One  is  from  E.  T.  Seton  for  the  Cur- 
lew Valley  area  in  1888.  A  number  of  ac- 
counts suggest  pronounced  population 
fluctuations. 

First  population  measurements  in  northern 
Utah  were  begun  in  1951  by  Woodbury 
(1955)  when  populations  were  thought  to 
have  been  at  a  cyclic  peak.  They  declined 
during  the  1950s,  then  recovered  to  another 
in  1959  measured  by  French  et  al.  (1965)  in 
southern  Idaho.  This  high  occurred  about 
1960  in  Curlew  Valley  (Currie  and  Goodwin 
1966,  Gross  et  al.  1974).  Since  then,  jackrab- 
bit populations  have  been  censused  annually 
in  Curlew  Valley,  the  approximate  10-year 
cycle  peaking  in  1970  and  again  in  1980  (Fig. 

2). 

The  long-term  trend  on  which  this  10-year 
periodicity  is  superimposed  can  only  be  spec- 
ulated on.  Early  accounts  suggest  densities 
greater  than  what  we  experience  today 
(Christensen  and  Johnson  1964),  and  a  long- 
term  trend  in  abundance  that  is  generally 
downward  (French  and  Heasley  1981). 

Subjectively,  the  1970  high  seemed  to  be 
lower  than  the  1959-1960  high  to  those  of  us 
who  had  witnessed  both.  And  the  censuses  in 
Curlew  Valley  clearly  show  the  1980  peak  to 
have  been  about  twice  that  of  1970. 

In  total,  early  densities  seem  to  have  been 
high  and  may  have  declined  somewhat  in  the 
present  century,  perhaps  to  a  low  point  in 
the  1960s  and  1970s.  Whether  or  not  the 
higher  numbers  of  the  1979-1981  peak  por- 
tend a  reversal  of  the  trend  remains  to  be 


Table  3.  Density  of  K.  autcricaua  at  two  reference  areas  in  Curlew  V'allev,  Utah. 


Mean 

density,  plants/m^  ±  std. 

dev. 

(N) 

Sampling  period 

Shadscale  area 

Greasewood  area 

Period  means 

May  1976 
August  1980 

1.2  ±0.9  (24) 
0.8  ±0.4  (12) 

2.8±1.1(24) 
2.1  ±0.7  (12) 

2.0±1.0(48) 
1..5±0.6(24) 

Area  means 

1.1  ±0.7  (36) 

2.6±1.0(36) 

1.8  ±0.9  (72) 
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Fig.  2.  Indices  of  black-tailed  jackrabbit  population  density  in  Curlew  Valley,  northwestern  Utah.  Census  method 
is  described  in  Cross  et  al.  (1974),  and  the  data  are  from  L.  C.  Stoddart  (pars,  conim.). 


Jackrabbit  Impacts  on  K.  americana 

Effects  on  Individual  Plants 

The  percentage  of  aboveground  phytomass 
removed  from  individual  K.  americana  plants 
(Table  4)  seems  to  increase  progressively 
from  early  summer,  at  the  time  of  peak 
standing  crop,  to  midwinter.  This  is  expected, 
both  because  the  rabbit  population  increases 
during  the  summer  from  reproduction  and 
because  fewer  foods  are  available  in  winter 
(Clark  1979),  so  rabbits  browse  for  a  longer 
time  on  a  selected  plant. 

By  the  end  of  summer,  when  the  plants 
were  lignifying,  rabbits  had  removed  from 
33%  to  50%  of  the  phytomass  on  browsed 
plants  in  the  three  years  of  observation.  By 
February  1977  and  1978,  two  low  rabbit 


years,  these  values  had  risen  to  somewhere 
between  45%  and  82%  by  the  end  of  winter. 

Similarly,  Currie  and  Goodwin  (1966) 
noted  that  jackrabbits  remove  a  large  propor- 
tion of  herbage  from  individual  plants  when 

Table  4.  Percentage  of  herbage  removed  by  jackrab- 
bits from  individual  K.  americana  plants  on  two  refer- 
ence areas  in  Curlew  Valley,  Utah. 

Mean  %  removed/ 
plant  ±  std.  dev.  (N) 


Sampling  period  Shadscale  area      Greasewood  area 


June  1976 
September  1976 
February  1977 

June  1977 
September  1977 
February  1978 

August  1980 


10.9  ±   4.9(6) 
31.0±17.8(29) 
64.9  ±65.1  (49) 

13.2  ±   2.7(2) 
42.2±15.5(13) 
45.9±  19.5  (105) 

37.7±16.1  (22)       32.3±15.8(15) 


18.9  ±   6.6(6) 
47.2  ±37. 1(164) 
81.7±11.1(.3) 

11.0±    -     (1) 
48.4±11.7(22) 
45.6  ±    3.7(8) 
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they  select  one  they  prefer  during  a  feeding 
period.  Occasionally,  they  clip  off  small 
shrubs,  such  as  K.  americana,  at  ground  level. 
In  September  1981,  K.  americana  plants 
were  actually  dug  out  of  the  ground,  appar- 
ently to  chew  the  root  crown  and  cambium 
around  the  base  of  the  stem.  In  20  1-m-  quad- 
rats placed  at  3-m  intervals  along  a  transect 
immediately  west  of  the  greasewood  refer- 
ence area,  11  of  93  plants  (12%)  had  been 
dug  out  and  partly  eaten. 

Mean  percentage  of  herbage  removed 
from  plants  in  the  greasewood  area 
(46.2  ±32.7%)  in  August-September  of  the 
three  years  (Table  4)  was  significantly  greater 
than  that  (35.6  ±16.7%)  removed  in  the 
shadscale  area  (F  =  5.75;  df  =1,2;  P  =  0.018). 
This  may  have  been  due  to  the  smaller  stat- 
ure of  the  plants  in  the  greasewood  area 
(Table  2). 

We  tested  the  null  hypothesis  that  the  Au- 
gust-September percentages  for  the  three 
years  were  equal  and  found  no  significant  dif- 
ferences (F=1.89;  df  =2,2;  P  =  0.346).  As 
jackrabbit  density  increases,  as  occurred  from 
1976  to  1981  (Fig.  2),  one  might  expect  more 
intense  browsing  on  individual  plants  of  this 
preferred  species,  but  that  was  not  the  case 
in  these  years.  Although  individual  plants 
may  be  heavily  used,  jackrabbits  often  skip 
over  adjacent  plants  seemingly  similar  to 
those  browsed. 

If  any  between-year  variation  occurred,  it 
was  inversely  correlated  with  the  annual  var- 
iations in  biomass/ plant,  although  the  yearly 
means  shown  in  Table  2  were  not  statistically 
different  (F  =  0.1;  df=  2,2;  ?  =  0.999).  Yearly 
variations  in  the  dry  weight   of  half-shrubs 


such  as  K.  americana  probably  are  related  to 
variations  in  precipitation  (West  and  Farced 
1973). 

Percentage  of  Plants  Browsed 

Like  the  percent  removal,  the  percentage 
of  plants  browsed  appears  to  increase  from 
June  to  February  (Table  5).  This  trend  is 
clear  for  the  shadscale  area  in  both  years  and 
for  the  valley  wide  transects  in  1977-1978.  In 
these  areas,  percent  browsed  rose  from  about 
l%-3%  in  June  to  about  4%-8%  in  Septem- 
ber of  the  low  rabbit  years  1976  and  1977, 
and  to  8.4%  by  February  of  these  same  years. 
The  progressive  increase  in  percent  browsed, 
also  like  percent  removal,  would  be  expected 
to  be  a  cvmiulative  parameter  both  as  the 
rabbit  population  increased  through  the  sum- 
mer and  as  an  increasing  fraction  of  the 
plants  were  selected  and  fed  upon. 

In  1980  and  1981,  at  peak  rabbit  popu- 
lation, measured  late-summer  percentages  in 
the  shadscale  and  transect  areas  were 
15%-21%.  Because  no  winter  measurements 
were  made  in  these  years,  the  final  percent- 
age of  plants  browsed  before  the  next  grow- 
ing season  was  undoubtedly  higher.  Further- 
more, the  late-summer  digging  described 
probably  increased  further  the  percentage  of 
plants  affected  by  rabbits,  unless  for  some 
reason  (e.g.,  palatability)  the  digging  was 
confined  to  already-browsed  plants. 

The  percent  browsed  increased  from  June 
to  September  in  the  greasewood  reference 
area,  as  in  the  other  areas,  but  then  declined 
from  September  to  February.  Inasmuch  as 
measurements   were   restricted   to   freshly 


Table  5.   Percentage  of  K.  americana   plants  browsed  by  jackrabbits   on   two  reference  areas  and  valleywide 
transects  in  Curlew  Vallev,  Utah. 


Sampling  period 


Shadscale  area 


June  1976  1.2  ±0.4  (12) 

September  1976  7.6  ±  1.4  (24) 

Febmary  1977  13.8±1.8(24) 

June  1977  0.7  ±0.5  (24) 

September  1977  4.2±1.1(24) 

Febmary  1978  38.6  ±3.0  (24) 

.\ugirst  1980  14.6±2.9(12) 

July  1981 - 

'No.  of  quadrats  for  reference  areas,  no.  of  transects  valleywide 


Mean  %  browsed  ±  std.  dev.  (N)' 


Greasewood  area 


1.1  ±0.4  (24) 

17.7±1.3(24) 

1.0  ±0.6  (24) 

0.4  ±0.4  (24) 
9.2±1.9(24) 
3.8±1.9(24) 

10.9  ±2.7  (12) 


Transects 


3.1  ±    3.0(14) 

5.8±   4.3(12) 
7.9±   5.1  (7) 

15.3  ±   6.9(10) 

21.4±11.6(12) 
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Fig.  3.  Relationship  between  percentage  of  A.',  (imericcina  browsed  by  jackrabliits  and  jackrabbit  population  index 
in  Curlew  Valley,  Utah.  The  points  for  1976  are  from  the  reference  areas  onlv;  tlie  remaining  points  are  from 
transects  throughout  the  valley. 


browsed  plants,  the  explanation  probably  lies 
in  the  high  density  (Table  3)  of  K.  americana 
within  the  greasewood  area.  During 
1976-1978,  many  small  (<1.0  g/plant)  K. 
americana  plants  sprouted  from  old  root 
crowns  in  the  spaces  between  the  grease- 
wood.  These  small  plants  were  largely  ig- 
nored by  rabbits,  especially  in  the  winter 
when  they  were  drier  than  larger,  more  ro- 
bust plants.  Because  feeding  by  rabbits  is 
patchy,  varying  with  plant  condition,  plant 
density,  and  habitat,  the  transects  that  were 
located  in  a  variety  of  areas  probably  are  the 
best  indicators  of  valleywide  patterns. 

To  explore  further  the  question  of  whether 
the  percentage  of  plants  browsed  by  jackrab- 
bits  increases  as  they  increase,  we  tested  the 
null  hypothesis  that  the  August-September 
percentages  were  the  same  at  both  reference 
areas  between  years  (Table  5).  We  concluded 
that  the  percent  browsed  did  differ  signifi- 
cantly between  years  (X^=  28.04;  df=2>- 
F<0.001). 

Because  the  reference  areas  are  only  a 
small  part  of  Curlew  Valley,  we  also  tested, 
with  data  from  the  transects,  the  hypothesis 
that  dense  populations  browse  a  larger  per- 
centage of  the  K.  americana  plants  (Table  5). 


Mean  percentage  of  plants  browsed  on  tran- 
sects in  September  1977,  August  1980,  and 
July  1981  is  significantly  different  when  com- 
pared by  a  Kruskal-Wallis  test  (X^=  14.64; 
df=2-  F=  0.001;  Sokal  and  Rohlf 
1969:388-390).  Thus,  on  the  basis  of  evidence 
from  both  reference  areas  and  transects, 
higher  rabbit  populations  do  affect  more  K. 
americana  plants. 

On  the  basis  of  empirical  evidence,  Clark 
(1979)  predicted  that  if  the  relationship  be- 
tween K.  americana  use  and  jackrabbit  den- 
sity were  linear,  90%  of  all  K.  americana 
plants  would  be  browsed  during  the  highest 
population  periods.  Westoby  (1974),  on  the 
basis  of  more  theoretical  arguments,  con- 
cluded that  preferred,  palatable,  and  rare 
plants  such  as  K.  americana  would  be  under 
severe  browsing  pressure  from  rabbits.  To 
test  these  predictions,  we  examined  the  rela- 
tionship between  percentage  of  plants 
browsed  and  the  jackrabbit  population  index 
by  using  all  occasions  for  which  we  had  mea- 
surements of  both  variables  (Fig.  3).  Although 
the  figure  is  sketchy,  it  suggests  a  curvilinear 
relationship,  not  a  linear  one.  Even  at  the 
highest  rabbit  population  levels  recorded  in 
two  decades  (Fig.  2),  only  about  20%  of  the 
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plants  were  browsed  by  late  summer.  By 
regressing  percent  browsed  (Y)  on  the  loga- 
rithm of  jackrabbit  population  index  (X),  we 
produced  an  adequate  equation  to  predict 
what  browsing  levels  would  be  under  ex- 
tremely high  populations  (F  =  6.69;  df=6; 
p  =  0.04;  r  =  0.73).  Y  =  -2.06  +  2.94  X. 

At  the  highest  population  levels  for  which 
we  had  data  on  percent  browsed,  the  rela- 
tionship predicts  mean  utilization  of  about 
17%,  with  95%  confidence  limits  of  approx- 
imately 2%-33%.  Because  it  is  possible  that 
historical  rabbit  population  levels  were  much 
higher,  we  made  a  similar  prediction  for  a 
population  index  of  1550,  twice  as  abundant 
as  our  highest  observed  levels.  Predicted 
mean  percent  browsed  was  only  20%,  with 
95%  confidence  limits  of  approximately 
3%-36%.  Even  at  the  highest  population  lev- 
els, percent  browsed  by  rabbits  does  not  even 
approach  100%  of  the  K.  americana  plants. 

Discussion  and  Conclusions 

Kochia  americana  was  an  abundant  species 
in  the  salt-desert  shrub  vegetation  of  the  east- 
ern Great  Basin  in  the  early  1900s  and,  we 
suspect,  as  early  as  European  settlement.  The 
species  declined  sharply  in  this  century  in  the 
areas  of  nearly  pure  stands,  as  shown  by  the 
photographic  evidence  and  the  dead  root- 
crown  remains  seen  as  late  as  the  early  1960s. 
Whether  or  not  its  density  declined  in  those 
areas  where  it  coexists  with  shadscale  or 
greasewood  is  unknown.  The  evidence  sug- 
gests an  increase  in  K.  americana  abundance 
in  these  types  since  the  early  1970s,  much  as 
it  is  increasing  in  the  openings  where  it  for- 
merly occurred  in  pure  stands. 

Why  the  species  declined  so  sharply  is  a 
matter  of  speculation,  but  we  suspect  that 
the  primary  stimulus  was  grazing  livestock, 
primarily  sheep.  The  view  that  livestock 
numbers  built  up  to  historically  high  numbers 
and  that  the  major  changes  in  range  vegeta- 
tion occurred  before  1900  is  encountered  in 
the  range  literature.  But  sustained,  maximum 
numbers  of  both  sheep  and  cattle  did  not 
build  up  in  the  West  until  well  into  the  20th 
century  (Wagner  1978). 

In  Utah,  sheep  numbers  did  not  rise  well 
above  2  million  until  1900,  and  then  they  re- 
mained above  this  level  for  more  than  half  a 


century  (Fig.  1).  Peak  numbers  were  reached 
in  about  1930.  If  the  area  under  the  curve  in 
Fig.  1  is  taken  as  the  total  sheep-grazing 
pressure  on  Utah  ranges  since  settlement, 
then  only  about  16%  was  incurred  from  1870 
to  1900,  whereas  about  63%  was  applied 
from  1900  to  1950. 

Black-tailed  jackrabbits  were  abundant  in 
Utah  at  settlement  time,  as  was  K.  ameri- 
cana. Hence,  its  decline  probably  was  not 
primarily  induced  by  rabbit  browsing,  with 
which  it  had  long  coexisted.  However,  jack- 
rabbit  browsing  may  have  added  to  the  sheep 
pressure,  providing  a  collective  effect  that 
was  more  than  K.  americana  could  sustain, 
and  together  they  may  have  caused  its 
shrinkage.  Nevertheless,  livestock  was  likely 
the  major  new  variable  that  elicited  the 
decline. 

The  hypothesis  that  livestock  browsing, 
with  or  without  jackrabbit  pressure,  was  re- 
sponsible for  the  decline  in  Curlew  Valley, 
and  not  some  other  influence  such  as  insects, 
disease,  or  weather,  is  supported  by  the  ex- 
closure  data  (Table  1).  Kochia  americana  vir- 
tually disappeared  outside  the  Cronin  exclo- 
sure  after  1957,  but  maintained  a  healthy 
stand  inside.  And,  although  the  differences 
are  not  statistically  significant,  mean  percent 
K.  americana  cover  and  density  were  greater 
inside  Exclosure  C04  (established  in  1956) 
than  outside,  both  in  Rice  and  Westoby's 
(1978)  measurements  in  1973  and  ours  in 
1981. 

A  jackrabbit  influence  may  be  suggested 
by  these  results.  The  Cronin  exclosure  was 
jackrabbit-proof  at  least  through  1972  (West- 
oby  1973).  Jackrabbit  protection  in  C04 
lapsed  after  1969  (Rice  and  Westoby  1978). 
Perhaps  significantly,  the  inside-outside  dif- 
ference is  much  more  marked  in  the  Cronin 
plot  than  in  C04  (Table  1). 

The  livestock  influence  may  be  inferred 
both  from  the  K.  americana  decline  during 
high  sheep  numbers  and  from  the  K.  ameri- 
cana increase  since  the  early  1970s,  when 
sheep  numbers  have  been  profoundly  re- 
duced but  jackrabbit  grazing  has  continued. 
Parenthetically,  the  K.  americana  increase  is 
contrary  to  Westoby's  (1973,  1981)  con- 
tention that  the  species  could  not  recover  be- 
cause of  salt  deposition  on  the  soil  surface  by 
halogeton. 
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The  available  data  provide  a  closer  look  at 
the  jackrabbit  influence.  Westoby  (1973)  con- 
cluded that  K.  americana  was  highly  pre- 
ferred by  jackrabbits,  whereas  Clark  (1979, 
1981)  found  it  only  moderately  preferred. 
Nevertheless,  both  investigators  found  the 
species  a  relatively  minor  dietary  component. 

At  high  rabbit  density,  and  perhaps  the 
low  point  of  K.  americana  abundance  in 
early  1972,  Westoby  calculated  virtually 
complete  utilization  by  the  end  of  the  year 
on  the  basis  of  known  consumption  rates, 
dietary  composition,  and  estimated  K.  ameri- 
cana standing  crop.  Our  own  direct  measure- 
ments of  percent  browsed  show  much  lower 
rates  in  the  low  rabbit  years  of  1976  and 
1977  (Table  5)  and  when  K.  americana  evi- 
dently was  more  abundant  than  during  West- 
oby's  measurements.  These  are  the  expected 
results  if  K.  americana  has  increased  since 
the  early  1970s:  utilization  rate  is  a  positive 
function  of  tlie  number  of  plants  consumed 
per  herbivore  and  the  number  of  herbivores, 
and  a  negative  function  of  the  number  of 
plants.  Both  a  decrease  in  number  of  herbi- 
vores and  an  increase  in  the  number  of  plants 
will  tend  to  reduce  the  utilization  rate. 

Our  measurements  indicate  somewhat 
higher  late  summer  percentage  of  plants 
browsed  in  the  high  rabbit  years  of  1980  and 
1981  (Table  5),  although  these  are  still  lower 
than  Westoby  s  estimate  of  total  utilization. 
But,  because  his  were  calculated  for  year- 
long use  and  we  did  not  make  winter  mea- 
surements in  these  two  years,  the  two  sets  of 
rates  may  not  be  entirely  comparable,  nor 
can  we  say  what  the  final,  year-long  utiliza- 
tion levels  were  in  1980  and  1981.  Our  data 
show  45%-82%  removal  of  herbage  from 
browsed  plants  by  February  of  1976  and 
1977  (Table  4),  both  low  rabbit  years.  We  do 
not  know  what  level  of  browsing  an  individ- 
ual K.  americana  plant  can  sustain,  although 
small  plants  can  easily  be  destroyed  by 
browsing  jackrabbits.  But  even  the  percent 
removal  of  the  low  years,  applied  to  an  ap- 
preciable fraction  of  K.  americana  plants  in 
high  rabbit  years,  would  seem  to  be  a  signifi- 
cant impact.  If  rabbit  browsing  during  cyclic 
highs  were  intensive  enough  to  kill  an  appre- 
ciable fraction  of  K.  americana  plants,  this 
could  produce  variations  in  plant  density. 
However,  we  can  infer  from  our  regression 


and  the  present  abundance  of  K.  americana 
that  the  year-long  percentage  of  plants 
browsed  has  not  reached  100%. 

Collectively,  the  data  suggest  the  following 
hypothetical  scenario.  Kochia  americana  was 
abundant  in  the  salt-desert  shrub  vegetation 
of  the  eastern  Great  Basin  up  to  the  early 
1900s  in  the  presence  of  large  jackrabbit 
populations,  but  under  no,  then  initially  mod- 
erate, livestock  use.  Between  the  early  1900s 
and  the  early  1970s  it  declined  broadly,  then 
appears  to  have  increased  in  the  1970s  and 
early  1980s.  This  general  trend  probably  was 
induced  by  heavy  livestock  pressure  in  the 
first  half  of  the  century,  then  reduction  of  the 
pressure  in  the  third  quarter.  The  decline 
may  have  been  abetted  by  jackrabbit  brows- 
ing, but  the  recovery  is  occurring  in  the  face 
of  that  browsing. 

The  sequence  for  Curlew  Valley  may  have 
differed  slightly  because  of  its  location  as  a 
livestock  shipping  route  and  the  possibility  of 
earlier  livestock  pressure.  But,  given  the  K. 
americana  root  crowns  as  late  as  1962  and 
comparable  density  inside  and  outside  Cro- 
nin's  exclosure  in  1957,  its  abundance  evi- 
dently persisted  well  into  the  first  half  of  this 
century. 

Much  more  hypothetically,  some  short- 
term  cyclic  variation  in  K.  americana  abun- 
dance may  be  superimposed  on  the  broad 
trend  by  cyclic  jackrabbit  pressure— at  least 
in  the  middle  of  the  century  when  K.  ameri- 
cana was  scarce  in  comparison  with  the  early 
1900s— and  the  ratio  of  jackrabbit  herbivory 
to  K.  americana  abundance  may  be  higher 
than  under  pristine  conditions.  This  hypo- 
thetical scenario  needs  to  be  tested  with 
long-term,  annual  concurrent  measurement 
of  K.  americana  and  jackrabbit  densities. 
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A  PRELIMINARY  CLASSIFICATION 
OF  THE  NATURAL  VEGETATION  OF  COLORADO 

William  L.  Baker' 


.•\bstr.\ct.—  a  classification  of  the  natural  vegetation  of  Colorado  is  presented.  This  classification,  which  uses  the 
Plant  Association  as  the  basic  unit,  was  developed  by  sorting  data  in  the  scientific  literature,  supplemented  by  field 
research.  The  classification  u.ses  a  standardized  nomenclature.  Citations  are  given  for  the  literature  from  Colorado 
iuid  adjoining  states  for  each  Association.  The  classification  includes  a  total  of  403  Plant  Associations,  with  28 
.\ngiosperm  Forests/Woodlands,  2  Mixed  .Angiosperm-Gymnosperm  Forests/Woodlands,  114  Gymnosperni 
Forests/Woodlands,  100  Shrub  .Associations,  74  Grassland  Associations,  .38  Graminoid  .Associations,  and  47  Herb 
.Associations. 


In  completing  a  state  flora,  a  species  tax- 
onomist  (systematist)  would  compile  existing 
collection  records  from  herbaria,  resolve  per- 
tinent taxonomic  questions,  adopt  and  synon- 
ymize  nomenclature,  and  complete  field  col- 
lections in  imdercollected  parts  of  the  state. 
The  syntaxonomist  aiming  at  a  state  com- 
pilation of  vegetation  types  would  need  to 
take  analogous  steps.  In  the  western  United 
States,  however,  there  are  additional  prob- 
lems specific  to  syntaxonomy:  (1)  There  is  no 
herbarium  analog  for  vegetation  records;  the 
vegetation  analog  of  a  plant  specimen  is  a 
sample  (stand)  record.  Although  these  are  of- 
ten published  in  the  scientific  literature,  in 
some  states,  such  as  Colorado,  a  substantial 
amoimt  of  stand  data  is  not  available  in  the 
published  literature.  (2)  There  is  no  single, 
widely  utilized  method  of  stand  data  collec- 
tion. Stand  attributes  measured  may  include 
cover,  frequency,  biomass,  percent  composi- 
tion, density,  or  other  measures.  These  may 
be  recorded  for  each  species  of  plant,  or 
plants  may  be  grouped  by  life  form  or  other 
criteria.  Data  may  be  collected  using  visual 
estimates  on  large  plots,  or  by  more  detailed 
quadrat  methods.  (3)  Many  sample  plot  data 
are  collected  but  never  analyzed,  or  the  anal- 
ysis includes  ordination  but  not  classification. 
Although  ordination  procedures  may  assist  in 


elucidating  relationships  among  samples  and 
in  relation  to  environmental  gradients,  they 
are  of  less  value  than  clustering  procedures  in 
determining  meaningful  vegetation  units.  (4) 
In  the  western  U.S.,  with  few  exceptions, 
vegetation  classifications  are  developed  for  a 
limited  geographic  area,  usually  on  the  order 
of  a  mountain  range  or  basin,  and  the  classifi- 
cation, although  made  internally  consistent, 
is  not  often  correlated  with  available  regional 
vegetation  data  or  other  classifications.  This 
is  analogous  to  desribing  species  based  on 
specimens  in  only  one  herbarium  or  museum. 
If  the  correlation  is  completed,  rarely  is  the 
nomenclature  adjusted  accordingly.  (5)  There 
is  no  standardized  system  of  nomenclature  in 
wide  use  in  the  western  U.S.  The  closest  ap- 
proach to  such  a  system  is  the  system  used  in 
habitat  type  studies  supported  primarily  by 
the  U.S.  Forest  Service  (Ffister  1982).  Al- 
though there  are  no  formal  nomenclatural 
rules  for  this  system  comparable  to  those  of 
the  International  Code  of  Phytosociological 
Nomenclature  (Barkman  et  al.  1976),  correla- 
tion efforts  have  resulted  in  fairly  consistent 
names.  There  are  also  scattered  studies  in  the 
region  that  have  followed  the  nomenclatural 
procedures  in  the  International  Code  (e.g., 
Komarkova  1976).  (6)  There  is  disagreement 
about  whether  the  classification  should  be  of 
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existing  vegetation,  potential  natural  vegeta- 
tion, presettlement  vegetation,  or  climax  veg- 
etation. Also  there  is  no  agreement  as  to 
whether  the  latter  three  of  these  can  be  de- 
termined, or  if  they  are  different.  (7)  There  is 
no  formal  agreement  on  the  appropriate  lev- 
el of  detail  for  classifications,  though  there  is 
wide  support  for  a  hierarchy  of  levels  of  de- 
tail. Finally,  (8)  though  vegetation  data  have 
now  been  collected  in  the  western  U.S.  for  80 
or  more  years,  no  one  has  attempted  to  sys- 
tematically revise  classifications  on  a  broad 
scale  using  a  monographic  approach,  such  as 
is  widely  and  successfully  applied  in  species 
taxonomy  and  has  been  widely  used  in  Eu- 
ropean syntaxonomy  (e.g.,  Kovaf  1981). 

If  vegetation  varies  continuously  along  en- 
vironmental gradients,  as  has  been  shown  by 
many  studies  (e.g.,  Whittaker  1956,  Curtis 
1959),  there  may  be  no  unique  classification 
possible,  and  the  situation  outlined  above 
may  not  be  subject  to  remedy.  But,  as  Shim- 
well  (1971)  observed,  similar  concerns  have 
been  raised  regarding  the  validity  of  the  tax- 
onomic  species  concept  (Grant  1971),  and 
there  is  continuing  discussion  about  which  at- 
tributes (morphological,  genetic,  biochemi- 
cal, behavioral,  etc.)  or  combination  of  attri- 
butes should  be  used  to  classify  individuals 
into  species.  One  author  (Hoog  1981)  even 
suggests  that  the  relevant  taxonomic  deci- 
sions should  be  left  to  a  committee,  who 
would  presumably  weigh  the  evidence  and 
make  a  majority  determination.  The  need  for 
professional  judgment  or  committee  determi- 
nation in  the  face  of  conflicting  evidence 
belies  the  objectivity  of  the  taxonomic  spe- 
cies concept,  though  it  remains  a  viable  glob- 
al organism  classification  unit  in  spite  of 
known  deficiencies— probably  because  of  its 
utility. 

There  may  be  compelling  biological  argu- 
ments for  not  classifying  species  or  vegeta- 
tion, but  the  absence  of  comprehensive  de- 
tailed vegetation  classifications  has 
unfortunate  results:  (1)  While  species  diver- 
sity patterns  are  beginning  to  be  understood 
on  a  general  level  (Peet  et  al.  1983),  and  the 
contribution  of  species  diversity  to  stability  is 
being  elaborated  (Pimm  1984),  there  have 
been  few  studies  of  the  diversity  of  vegeta- 
tion units,  causes  of  vegetation  diversity,  its 
contribution  to  landscape  stability,  or  its 


change  over  time  (but  see  Romme  1982).  (2) 
There  have  been  few  studies  examining  the 
distribution  and  abundance  of  vegetation 
units  in  the  landscape.  Do  landscapes  contain 
common  as  well  as  unique  vegetation  types? 
How  are  these  dispersed  in  the  landscape?  (3) 
Even  less  is  known  about  vegetation  unique- 
ness. Can  vegetation  endemism  occur  in  a  re- 
gion that  has  low  species  endemism?  (4) 
Little  is  known  about  geographic  variation 
within  a  particular  vegetation  unit  and  what 
environmental  basis  there  is  for  the  variation 
(analogous  to  an  ecotype  study  for  a  species). 
Does  geographic  variation  manifest  itself  in 
compositional  variation,  changes  in  abun- 
dance, changes  in  structure,  or  some  com- 
bination (cf  Peet  1978)?  (5)  Can  management 
prescriptions  be  applied  uniformly  to  all  ex- 
amples of  a  particular  vegetation  type?  What 
is  the  appropriate  level  of  the  hierarchy  for 
this  to  occur?  And  (6)  which  vegetation  units 
are  being  modified  by  human  land  uses, 
which  are  being  irretrievably  lost,  which  are 
already  protected  by  some  means?  If  individ- 
ual parts  of  the  vegetation  continuum  are  not 
named,  it  is  much  more  difficult  to  monitor 
the  rate  of  their  loss,  or  to  evaluate  their  im- 
portance for  preservation. 

The  foregoing  are  among  the  questions 
that  cannot  be  addressed  effectively  without 
a  more  systematic  classification  of  vegetation 
applied  over  a  broad  region.  Ideally,  such  a 
classification  would  have  the  following  fea- 
tures: (1)  a  hierarchical  system  with  several 
levels  of  detail,  (2)  within  each  level  of  the 
hierarchy,  each  unit  would  encompass  a  sim- 
ilar amount  of  variation,  (3)  standardized  no- 
menclature, (4)  a  standardized  system  for  re- 
vision, and  (5)  units  that  are  geographically 
independent.  If  units  are  delimited  by  re- 
gions, their  total  geographic  range  cannot  be 
studied.  In  addition,  an  ideal  classification 
scheme  should  include  a  (6)  moderately  stan- 
dardized system  of  data  collection,  (7)  pub- 
lication of  actual  stand  data,  delimitation  of 
type  stands,  and  provision  for  perpetuation  of 
type  stands  in  natural  areas,  and  (8)  classifica- 
tion of  presettlement  vegetation  as  much  as  is 
still  possible,  with  the  closest  extant  succes- 
sional  stage  substituting  where  no  records  of 
presettlement  composition  and  structure 
remain. 
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The  classification  presented  here  differs 
from  this  ideal  in  several  ways.  All  available 
stand  data  on  Colorado  vegetation  (Baker 
1983,  1984)  are  used.  These  data  have  been 
collected  in  a  variety  of  ways  for  a  variety  of 
purposes.  Although  it  would  be  desirable  to 
quantitatively  analyze  this  full  spectrum  of 
data  and  objectively  divide  it  into  vegetation 
units,  the  heterogeneity  of  data,  as  well  as  the 
size  of  the  matrix  that  would  result,  preclude 
this  approach.  An  effort  has  been  made  to  de- 
fine units  that  encompass  similar  amounts  of 
variation,  but  it  is  not  currently  possible  to 
evaluate  the  success  of  this  attempt  quan- 
titatively. The  classification  is  not  currently  a 
complete  hierarchy;  only  the  finest  level  of 
the  classification,  the  Plant  Association  level, 
is  fully  developed.  Though  the  Series  names 
listed  are  in  most  cases  not  different  from 
names  that  have  been  used  in  the  literature, 
the  Series  level  presented  here  is  primarily  of 
value  as  an  indexing  mechanism.  A  more 
meaningful  next  level  for  the  hierarchy  is 
needed,  but  its  development  is  beyond  the 
scope  of  this  paper.  Most  available  higher 
level  classificatons  (e.g.,  Brown  1983, 
UNESCO  1973)  have  been  constructed  from 
the  top  down  and  have  units  that  are  geo- 
graphically defined.  Although  there  is  value 
in  this  approach  for  many  uses,  the  Plant  As- 
sociations listed  here  would  overlap  several 
higher  level  categories  in  the  Brown  or 
UNESCO  systems. 

For  example,  the  Agropyron  spicatum-Poa 
sandbergii  grassland  is  a  well-known  and  in- 
ternally consistent  unit  that  occurs  over  a 
wide  geographic  range  from  southern  British 
Columbia  in  Canada  to  northern  California, 
and  from  Montana  to  central  Colorado  (see 
classification  for  references).  This  Plant  Asso- 
ciation would  have  to  be  treated  in  the 
Brown  system  by  separating  it  into  at  least 
two  units,  one  under  the  Great  Basin 
Shrub-Grassland  Regional  Formation,  and 
one  under  the  Rocky  Mountain  Montane 
Grassland  Regional  Formation.  To  circum- 
vent this  problem  it  would  be  desirable  to 
modify  such  systems,  or  develop  new  systems 
that  are  derived  by  grouping  similar  Plant 
Associations  into  higher-level  units.  This  de- 
velopment from  the  bottom  up  would  insure 
that  higher  levels  of  the  hierarchy  would  be 


additive  upward  rather  than  independent 
classifications  at  increasingly  broad  levels. 

The  classification  uses  a  standardized  no- 
menclature, but  this  nomenclature  has  not 
been  developed  with  a  view  toward  use  out- 
side the  western  U.S.  and  does  not  include 
many  features  of  a  needed  formal  nomencla- 
tural  process  (Barkman  et  al.  1976).  It  is  de- 
rived largely  from  general  nomenclatural  ap- 
proaches most  in  use  in  this  region  and  would 
require  modification  to  be  useful,  for  ex- 
ample, in  regions  containing  vegetation  with 
species-rich  canopies,  such  as  in  some  forests 
of  the  eastern  United  States.  In  those  regions 
floristically  based  nomenclatures  are  prob- 
ably more  appropriate  (cf  Braun-Blanquet 
1965)  and  have  been  widely  utilized  in  sim- 
ilar forests  in  Europe.  Some  features  of  this 
floristically  based  approach  are  used  here  in 
vegetation  with  more  species-rich  canopies. 
Though  species-rich  canopies  present  no- 
menclatural problems  for  dominance-based 
nomenclatures,  species-poor  vegetation  pre- 
sents nomenclatural  problems  for  floristically 
based  nomenclatures.  It  is  likey  that  the  two 
approaches,  or  perhaps  others,  will  need  to 
be  dovetailed  if  a  comprehensive  national 
classification  is  to  be  effectively  developed  in 
the  U.S.  On  a  local  basis  the  data  and  most  of 
the  syntaxa  derived  by  Komarkova  (1976)  us- 
ing a  floristically  based  approach  have  been 
incorporated  in  this  classification  with  only 
some  nomenclatural  adjustment.  That  such 
direct  conversion  is  possible  attests  to  the 
general  consistency  of  the  syntaxonomic  pro- 
cess up  to  the  point  of  naming.  Though 
Komarkova's  names  are  different,  her  vegeta- 
tion units  are  congruent  in  level-of-detail  and 
amount  of  homogeneity  with  other  studies  of 
similar  vegetation  in  Colorado.  If  this  is  the 
case  in  other  parts  of  the  U.S.,  then  devel- 
oping a  national  scale  classification  may  be 
partly  a  matter  of  devising  a  broad  no- 
menclatural process. 

It  is  important  to  emphasize  that  the  no- 
menclature does  not  drive  the  classification 
system.  Regardless  of  nomenclatural  ap- 
proach, vegetation  units  are  derived  by 
grouping  stands  using  some  set  of  criteria, 
perhaps  either  floristic  similarity  or  similarity 
in  dominants.  A  name  is  then  applied  to  the 
resultant  unit.  If  a  stand  is  then  located  that 
has  slightly  different  floristic  composition,  or 
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different  dominants,  the  stand  may  be  used  as 
the  basis  for  revising  the  nomenclature  of  a 
particular  unit,  or  it  may  be  the  basis  for  ad- 
ditional data  collection  to  determine  if  a  new 
vegetation  imit  is  warranted.  If  new  data  are 
automatically  placed  into  new  units  without 
reference  to  previously  described  syntaxa,  a 
proliferation  of  poorly  demarcated  syntaxa 
will  result. 

The  primary  purpose  of  this  paper  is  to 
sort  and  revise  extant  data  into  a  reasonably 
internally  consistent  classification  that  will  be 
useful  as  a  starting  point  for  more  quan- 
titative systematic  revision.  A  basic  premise 
of  this  paper  is  that  methods  of  classification 
used  in  a  variety  of  natural  resources  tax- 
onomies such  as  species  taxonomy  (Hoog 
1981),  soil  taxonomy  (USDA  Soil  Con- 
servation Service  1975),  geologic  stratig- 
raphy, and  others,  all  utilize  similar  meth- 
odology involving  several  steps:  (1)  collection 
of  field  data,  (2)  grouping  into  taxa,  (3)  no- 
menclature, and  (4)  revision.  In  the  western 
United  States,  syntaxonomies  are  incomplete, 
not  because  the  process  lacks  meaning  or  is 
more  difficult  than  in  other  natural  resource 
fields,  but  because  development  has  not  pro- 
ceeded systematically.  Although  it  will  al- 
ways be  possible  to  develop  classifications  of 
the  vegetation  in  the  western  U.S.,  the  op- 
portunities for  classifying  vegetation  reflect- 
ing as  nearly  as  possible  presettlement  condi- 
tions are  decreasing  as  natural  vegetation  is 
subjected  to  increasing  land  use  pressures, 
and  as  remnants  of  the  presettlement  vegeta- 
tion spectrum  are  altered  or  lost. 

Methods 

Approach 

The  focus  of  this  classification  is  on  the 
natural  vegetation  of  the  state  of  Colorado. 
The  term  natural  here  means  the  vegetation 
that  existed  prior  to  the  changes  that  have 
accompanied  European  settlement,  essen- 
tially the  presettlement  vegetation.  Excluded 
from  the  classification,  as  a  consequence,  are 
newly  created  vegetation  types  such  as 
lawns,  pastures,  gardens,  and  agricultural 
fields,  or  vegetation  types  that  are  dominated 
by  exotic  species,  unless  these  exotic  species 


now  dominate  all  stands  of  a  particular  vege- 
tation type  and  there  is  no  record  of  compo- 
sition prior  to  the  replacement.  Currently 
there  are  no  vegetation  types  in  Colorado 
that  have  been  completely  replaced,  so  far  as 
I  am  aware,  though  there  are  some  vegeta- 
tion types  where  the  majority  of  stands  are 
now  dominated  in  the  understory  by  exotics 
(e.g.,  Atriplex  confertifolia/Hilaria  iamesii). 

The  classification  does  not  include  only 
"climax"  vegetation  types,  in  the  sense  used 
by  Daubenmire  (1952),  because  it  is  likely 
that  large  parts  of  the  presettlement  land- 
scape contained  fire-maintained  grasslands 
and  forests  or  vegetation  types  whose  struc- 
ture was  extensively  affected  by  large  native 
ungulates  (e.g.,  Bouteloua  gracilis  Shortgrass 
Prairie).  These  fire  and  grazing-"disclimaxes" 
are  here  considered  to  be  a  part  of  the  natu- 
ral presettlement  spectrum  and  worthy  of 
classification  where  this  is  still  possible. 
Much  recent  evidence  (White  1979)  suggests 
that  natural  disturbances  are  a  part  of  the 
natural  environmental  setting  of  many  kinds 
of  vegetation  and  may  even  be  promoted  by 
the  structure  of  the  vegetation  or  by  the  ad- 
aptations of  its  component  species.  A  recent- 
ly burned  but  revegetated  site,  for  example, 
may  represent  two  possible  successional 
states,  depending  on  the  natural  fire  frequen- 
cy: (1)  a  state  that  is  compositionally  and 
structurally  relatively  fixed  by  recurrent  fires, 
or  (2)  a  state  that  is  temporarily  present  but 
will  disappear  due  to  a  low  natural  fire  fre- 
quency and  a  long  period  between  fires. 
Though  there  is  a  range  of  possibilities  be- 
tween these  extremes,  they  serve  to  illustrate 
the  successional  perspective  taken  here.  In 
the  first  case  most  stands  in  the  landscape 
will  be  in  the  state  common  not  long  after  a 
fire.  A  few  stands  will  have  escaped  the  aver- 
age high  frequency  and  perhaps  have 
changed  compositionally  toward  a  less  fire- 
adapted  structure  and  composition.  In  the 
second  case  most  stands  in  the  landscape  will 
be  in  a  state  that  develops  after  a  long  period 
without  a  fire,  though  a  few  stands  may  be  in 
a  temporary  postfire  state. 

In  the  first  case,  the  Association  would  be 
described  and  named  based  on  the  most  com- 
mon state,  the  early  postfire  state.  An  ex- 
ample of  this  would  be  a  fire-maintained 
montane  grassland  in  Colorado.  In  the  second 
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case  the  Association  would  be  described  and 
named  also  based  on  the  most  common  state, 
a  state  after  a  long  period  without  fire.  Other 
states  than  those  that  are  the  basis  for  naming 
would  be  treated  as  "Plant  Communities," 
which  could  be  included  in  the  future  as  a 
level  in  the  hierarchy  under  each  Plant  Asso- 
ciation (e.g.,  Amo  1982).  A  consequence  of 
this  approach  is  that  the  number  of  Plant  As- 
sociations is  finite,  but  the  number  of  Plant 
Communities  is  nearly  unlimited,  and  recent- 
ly is  being  dramatically  increased  as  the  num- 
ber of  kinds  and  intensities  of  human-related 
environmental  effects  increases. 

This  approach  assumes  a  priori  knowledge 
about  natural  disturbance  frequencies  that  is 
not  completely  available,  though  sufficient 
information  may  be  available  for  general- 
ization. General  ranges  of  fire  frequencies, 
for  example,  have  been  worked  out  for  the 
region  (Martin  1982)  so  that  we  know,  for  ex- 
ample, that  fire  return  intervals  are  roughly 
5-20  years  in  dry  pine  forests  and  200-500 
years  in  the  subalpine  forest.  The  Plant  Asso- 
ciations in  subalpine  forests  would  then  be 
described  and  named  based  on  stands  at  least 
200  years  old,  and  pine  forest  Associations 
would  be  based  on  stands  burned  within  20 
years.  In  this  context,  stands  not  burned  with- 
in 20  or  so  years,  if  different  compositionally, 
would  be  considered  successional.  This  ap- 
proach, though  different  from  Daubenm ire's 
(1952)  conception,  is  implicit  in  some  recent 
work  (e.g.,  Hess  1981)  following  that  tradi- 
tion and  was  suggested  in  a  Working  Group 
report  at  a  workshop  on  habitat  typing  in  the 
southwest  (Moir  and  Hendzel  1983).  An  ad- 
vantage of  this  approach  is  that  Plant  Associ- 
ations are  real,  extant  (except  where  all  rem- 
nants have  been  extirpated)  kinds  of 
vegetation,  rather  than  a  theoretical  end 
point  that  is  seldom  reached  on  most  sites 
due  to  natural  disturbances.  In  this  regard, 
Daubenmire  and  Daubenmire  (1968:7)  re- 
mark that  "relatively  few  of  our  study  sites 
represent  climax  stands  that  appear  to  have 
reached  a  completely  homeostatic 
equilibrium." 

The  Plant  Associations  in  this  classification 
must  be  considered  preliminary  because  some 
of  the  natural  disturbance  regimes  in  the  re- 
gion have  been  altered  since  settlement.  Fire 
suppression,  though,  may  be  less  of  a  factor 


here  than  in  other  areas  because,  even  in  dry 
pine  forests  here,  the  natural  fire  return  in- 
terval is  apparently  quite  long  (Laven  et  al. 
1980);  even  with  suppression,  the  interval  de- 
creased from  66  years  prior  to  settlement  to 
27  years  following  initiation  of  suppression. 
By  the  same  reasoning,  plains  Plant  Associ- 
ations that  are  largely  no  longer  affected  by 
bison  or  elk  grazing  must  be  considered  pre- 
liminary. Cattle  grazing  is  now  prevalent, 
but  cattle  differ  substantially  in  diet  and 
grazing  behavior  from  bison  (Schwartz  and 
Ellis  1981),  with  cattle  having  a  more  selec- 
tive diet  and  spending  more  time  grazing  in 
low  areas  of  the  landscape.  These  differences 
extended  over  a  long  time  period  would 
likely  result  in  compositional  differences  be- 
tween bison-grazed  and  cattle-grazed  ranges. 
Although  bison-grazed  sites  are  no  longer 
available  for  sampling,  the  closest  extant  suc- 
cessional state  would  be  on  sites  as  free  as 
possible  of  livestock  effects.  Extant  vegeta- 
tion on  such  sites  would  have  to  substitute  for 
the  presettlement  vegetation  unless,  or  until, 
a  natural  grazing  regime  could  be  reestab- 
lished on  some  sites  for  study. 

The  Plant  Association  is  considered  here  to 
be  a  state  determined  by  the  prevailing  pre- 
settlement environmental  conditions,  includ- 
ing a  natural  disturbance  regime,  with  some 
human-related  effects.  It  is  primarily  a  classi- 
fication unit  derived  for  human  purposes, 
lacking  organismic  properties,  and  probably 
lacking  emergent  properties.  Its  primary  pur- 
pose is  for  organizing  information.  It  is  un- 
likely that  the  Plant  Associations  named  here 
would  have  retained  their  composition  or 
structure  in  perpetuity  in  the  absence  of  the 
disturbances  associated  with  settlement. 
Though  the  evidence  is  not  extensive.  Van 
Devender  and  Spaulding  (1979)  report  that 
the  elevational  displacement  of  vegetation 
associated  with  the  end  of  the  Pleistocene  re- 
sulted in  completely  new  assemblages.  Com- 
munities were  not  simply  displaced  intact, 
but  were  reordered. 

This  classification  does  not  include  only 
"potential  natural  vegetation"  in  the  sense 
used  by  Kiichler  (1964)  (the  vegetation  that 
would  result  if  man  were  removed  from  the 
landscape  and  the  resulting  succession  tele- 
scoped into  a  short  period).  Native  human 
cultures,   in  their  use  of  fire  (Moore   1972, 
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Barrett  1980)  and  their  impact  on  large 
mammal  populations,  may  have  had  a  signifi- 
cant indirect  effect  on  the  structure  of  many 
Colorado  plant  associations  since  their  in- 
ception. There  is  increasing  evidence  that 
both  human  culture  and  presettlement  vege- 
tation in  Colorado  have  a  primarily  late- 
Pleistocene  or  post-Pleistocene  origin  (Martin 
and  Mehringer  1965,  Van  Devender  and 
Spaulding  1979).  Total  removal  of  humans 
would  likely  result  in  a  new  kind  of  vegeta- 
tion that  has  never  been  extant  in  the  region. 
A  premise  of  the  approach  aimed  at  here  is 
that  human  effects  are  "natural,"  in  that  they 
have  been  potentially  partly  a  controlling 
factor  in  vegetation  development  in  the  re- 
gion, but  European  settlement  has  resulted  in 
a  dramatically  increased  rate  of  change  in  the 
vegetation,  accompanied  in  many  cases  by 
wide-scale  replacement  by  agricultural  crops 
or  other  less-desirable  exotic  plants,  as  well  as 
by  dramatic  changes  in  structure  or  composi- 
tion of  many  other  vegetation  types.  Al- 
though this  change  is  in  a  sense  "natural,"  the 
vegetation  existing  prior  to  the  change  is  of 
more  than  historical  interest,  because  in 
many  cases  knowing  its  composition  and 
stRicture  will  be  essential  if  disturbed  lands 
are  to  be  effectively  rehabilitated,  and  if  the 
extinction  of  the  many  native  plant  and  ani- 
mal species  poorly  adapted  to  the  new  cul- 
tural vegetation  is  to  be  prevented. 

This  classification  is  not  an  integrated  clas- 
sification, combining  several  attributes  of  an 
ecosystem,  such  as  vegetation,  soils,  and  land- 
form,  into  one  system.  It  is  intended  to  be  a 
classification  of  the  vegetation  component  of 
Colorado  ecosystems  only.  An  integrated 
classification  system  could  be  developed  us- 
ing this  classification  for  the  vegetation 
component. 

Limitations 

The  classification  was  developed  by  sorting 
actual  stand  data  in  the  scientific  literature 
identified  in  Baker  (1983,  1984).  The  classifi- 
cation is  preliminary  for  several  reasons:  (1) 
The  sorting  and  evaluating  process  may  re- 
sult in  errors  and  omissions  that  can  only  be 
corrected  with  refinement  through  use  and 
review.  (2)  Gaps  exist  in  the  literature  for 
certain  parts  of  the  state  (Baker  1982)  and  for 
certain  kinds  of  vegetation.  Some  vegetation 


types  have  not  been  studied  in  detail  and 
cannot  be  classified  below  the  Series  level.  (3) 
A  few  new  Plant  Associations  are  proposed 
for  the  first  time  here  that  were  not  pre- 
viously described  in  the  literature,  but  appear 
reasonable  when  all  available  data  are  exam- 
ined en  masse  (e.g.,  several  Deschampsia  as- 
sociations). (4)  As  classifications  are  com- 
pleted in  other  parts  of  the  western  U.S., 
Colorado  Associations  that  extend  into  those 
areas  may  need  to  be  revised.  And  (5),  though 
stand  data  were  excluded  from  consideration 
if  disturbance  effects  were  reported  or  could 
be  inferred,  it  is  possible  that  a  few  of  the  As- 
sociations do  not  represent  presettlement 
conditions.  The  list  should  be  viewed  as  a 
first  approximation. 

Hierarchical  Structure 

The  classification  is  structured  hier- 
archically, with  four  levels  of  specificity.  The 
upper  three  levels  and  the  units  within  them 
are  designed  primarily  to  facilitate 
organization. 

1.  System:  Overall  physiognomy  of  vege- 
tation. The  following  are  the  Systems: 

Angiosperm  Forests/Woodlands 
Gymnosperm  Forests/Woodlands 
Shrvib  Associations 
Grassland  Associations 
Graminoid  Associations 
Herb  Associations 

2.  Cover  Class:  The  dominant  genus  in  the 
top  stratum  of  the  association  (e.g., 
Pinus). 

3.  Series:  The  dominant  species  in  the  top 
stratum  of  the  association  (e.g.,  Pinus 
ponderosa). 

4.  Plant  Association:  This  term,  which  has 
been  widely  used  in  a  variety  of  con- 
texts, is  used  here  to  mean  a  vegetation 
imit:  (1)  that  is  representative  of  pre- 
settlement conditions,  (2)  that  has  inter- 
nal homogeneity  in  the  composition  of 
its  component  strata  (tree,  shrub,  and 
herb  strata,  if  present),  (3)  that  is  a 
grouping  of  several  stands,  and  (4)  that 
has  a  definable  environmental  location. 

Level  of  Detail 

The  definition  of  a  Plant  Association  above 
does  not  specify  just  how  much  variation  is 
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encompassed  in  each  Association.  Though 
quantitative  means  have  been  developed  and 
utihzed  to  define  vegetation  imits  within  a 
Umited  geographic  area,  objective  methods 
were  impractical  for  this  classification.  Even 
with  objective  methods,  only  the  con- 
sequences of  choosing  a  particular  level  of 
detail  are  objectively  illustrated.  The  re- 
searcher still  must  choose  the  level.  Ulti- 
mately, the  researcher  is  guided  by  the  pur- 
pose for  which  the  classification  is  designed, 
or  by  previous  research  results  and  inter- 
pretation. This  classification  extends  and 
modifies  the  classification  method  begun  by 
Daubenmire  (1952),  which  has  now  been 
completed  on  many  of  the  National  Forests 
in  the  western  U.S.  (Pfister  1982).  It  is  con- 
gruent in  scale  with  comparable  efforts  in 
Oregon  and  Washington  (Franklin  and  Dyr- 
ness  1973)  and  Alaska  (Viereck  and  Dyrness 
1980).  If  extended  Nationally,  classification 
on  this  scale  would  probably  result  in  some 
6,000  Plant  Associations,  assuming  about  a 
250  per  state  average,  and  a  50%  overlap  be- 
tween states.  This  level  of  detail  has  been 
used  successfully  to  map  vegetation 
(Komarkova  and  Webber  1979),  though,  as 
with  soil  mapping,  some  complexes  must  be 
used  as  mapping  units.  This  level  of  detail  is 
comparable  in  magnitude  to  that  in  soil  clas- 
sification at  the  Series  level,  where  some 
10,500  Series  have  been  described  (USDA 
Soil  Conservation  Service  1975). 

Nomenclature 

Development  of  nomenclature  is  the  final 
step  in  classification  prior  to  testing.  No- 
menclature used  here  is  similar  to  that  used 
in  many  studies  of  vegetation  in  the  western 
U.S.  No  formal  rules  are  proposed,  but  some 
steps  toward  standardization  are  taken. 
Names  used  here  generally  reflect  rather 
closely  the  composition  and  structure  of  the 
Plant  Association,  but  individual  stands  may 
differ  somewhat  from  that  composition  im- 
plied by  the  name.  The  range  of  variation  en- 
compassed imder  a  particular  name  can  only 
be  known  by  consulting  the  data  in  the  cited 
references.  Although  it  would  be  desirable  to 
summarize  the  variation  inherent  in  each  As- 
sociation, this  is  beyond  the  scope  of  this 
paper. 


Names  are  generally  based  on  the  domi- 
nant species  (species  with  the  greatest  per- 
cent canopy  cover)  in  each  stratum  of  most 
stands  of  the  Association.  If  a  stratum  con- 
sistently contains  co-dominant  species  (spe- 
cies generally  with  at  least  10%  relative  cov- 
er in  a  stratum  and  high  constancy  in  the 
Association),  the  most  important  two  or  three 
co-dominants  may  be  included  in  the  name, 
and  are  so  indicated  by  being  separated  by  a 
dash  (— ).  Co-dominants  are  listed  alphabeti- 
cally within  a  stratum.  If  an  Association  has 
co-dominants  in  the  top  stratum,  it  would  be 
listed  only  under  the  generic  name  of  the 
first  co-dominant  (e.g.,  a  Pinus  ponde- 
rosa-Pseiidotsuga  menziesii/ Carex  rossii  Asso- 
ciation would  be  listed  only  under  PINUS). 
This  nomenclatural  approach  differs  from 
that  of  Daubenmire  (1952)  in  that  the  appar- 
ent reproductive  potential  of  the  overstory 
species  is  not  used  to  determine  a  potential 
climax  species.  If  mature,  relatively  undis- 
turbed stands  consistently  have  co-domin- 
ance, that  co-dominance  is  generally  recog- 
nized here  in  the  nomenclature.  Names  may 
occasionally  include  differential  or  character- 
istic species.  These  are  species  that  are  vir- 
tually always  present,  but  not  necessarily 
dominant  in  the  Association,  though  usually 
absent  from  related  Associations.  These  spe- 
cies are  identified  by  a  star  (°)  following  the 
species  name.  Associations  are  assumed  to 
contain  potentially  three  strata:  tree,  shrub, 
and  herb.  A  particular  species  is  here  as- 
sumed to  only  belong  to  one  of  these  strata 
(e.g.,  Picea  engelmannii  is  always  considered 
a  tree,  so  the  shrubby  Picea  engehnaiinii  As- 
sociations that  characterize  krummholz  are 
listed  only  in  the  Gymnosperm  For- 
est/Woodland System,  not  with  Shrub  Asso- 
ciations). Strata  are  separated  in  names  by  a 
slash  (/).  Slashes  are  not  used  to  separate  a 
dominant  from  a  subdominant.  Some  associ- 
ations are  heterogenous  in  a  stratum.  Their 
composition  may  consist  of  a  core  species 
that  is  always  present  and  an  additional  spe- 
cies that  may  be  absent  from  many  stands, 
but  that  in  many  stands  may  be  co-dominant 
with  the  core  species.  Because  these  species 
lack  the  high  constancy  required  of  a  full  co- 
dominant,  they  are  distinguished  in  names  by 
enclosing  them  in  parentheses  (e.g.,  the  Pinus 
ponderosa-(Pseudotsuga    menziesii) / Carex 
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rossii  Association).  Physiognomic  or  environ- 
mental descriptors  have  often  been  added  to 
names  to  clarify  and  add  meaning  to  the 
name  (e.g.,  Carex  microglochin  Alpine 
Wetland). 

Names  listed  here  may  differ  substantially, 
in  some  instances,  from  names  used  in  the 
sources  of  information  cited.  This  occurs  be- 
cause ecologists  use  different  naming  conven- 
tions, or  may  not  have  incorporated  all  avail- 
able data  prior  to  naming.  In  addition,  the 
standardization  applied  here  results  in  some 
new  names  for  some  familiar  associations.  It 
is  hoped  that  scientists  whose  work  is  cited 
here  will  understand  that  this  standardization 
of  names  and  sorting  of  data  is  a  necessity  if  a 
statewide,  and  eventually  a  regionwide,  clas- 
sification is  to  be  developed.  The  nomencla- 
ture proposed  here  may  not  be  the  best  for 
such  a  regionwide  classification,  but  it  is  in- 
tended to  illustrate  that  standardization  can 
be  accomplished,  and  does  serve  to  clarify  a 
proliferation  of  names  for  the  same  vegeta- 
tion unit. 

Species  nomenclature  generally  follows 
Kartesz  and  Kartesz  (1980).  Agropyron  spica- 
tum  var.  inerme  is  retained,  because  it  forms 
grasslands  in  Colorado  that  are  ecologically 
very  distinct  from  grasslands  formed  by  A. 
spicatum  var.  spicatum.  Amelanchier  from 
the  same  location  has  been  identified  as  both 
A.  utahensis  and  A.  alnifolia.  Until  this  tax- 
onomy is  resolved,  only  the  name  A.  uta- 
hensis is  used  for  all  Colorado  Amelanchier. 

Testing 

The  classification  has  been  under  devel- 
opment since  1981  and  has  been  tested  in  the 
field  during  three  field  seasons.  The  current 
classification  changed  only  about  5%  from 
the  previous  year's  version,  in  spite  of  about 
a  10%  expansion  in  the  literature  and  avail- 
able data.  There  is  no  question  that  addition- 
al modification  will  need  to  occur  as  new 
data  accumulate,  but  it  appears  unlikely  the 
classification  would  ever  be  expanded  much 
beyond  about  500  Associations.  This  is  so  be- 
cause new  data  may  just  as  well  result  in  the 
alteration  of  existing  Associations  as  in  the 
creation  of  new  ones.  In  this  sense  the  classi- 
fication is  not  open  ended.  Additional  testing 
and  revision  will  improve  the  definition  of 


the  Associations  listed  here,  but  not  neces- 
sarily result  in  many  new  ones. 

Use  of  the  Classification 

References  pertaining  to  each  Association 
are  listed  by  number  in  parentheses  following 
the  name.  Numbers  following  "CO:"  corre- 
spond to  the  numbered  references  in  two  bib- 
liographies of  Colorado  vegetation  descrip- 
tion (Baker  1983,  1984).  For  reference  587  in 
the  Colorado  literature,  all  entries  are  fol- 
lowed immediately  by  an  additional  number. 
This  is  the  number  of  the  Range  Site  descrip- 
tion. CNHI  is  included  in  the  list  of  citations 
if  Colorado  Natural  Heritage  Inventory 
(CNHI)  has  additional  unpublished  data  on 
file.  Standard  two-letter  postal  abbreviations 
indicate  literature  from  adjoining  states. 
These  include  AZ  =  Arizona,  CA  =  California, 
ID  =  Idaho,  IL  =  Illinois,  KS  =  Kansas, 
MT/Montana,  OK  =  Oklahoma, 

OR  =  Oregon,  ND  =  North  Dakota, 

NE  =  Nebraska,  NM  =  New  Mexico, 
NV  =  Nevada,  SD  =  South  Dakota, 

TX  =  Texas,  UT  =  Utah,  WA/ Washington, 
WI  =  Wisconsin,  WY  =  Wyoming.  Numbers 
following  these  abbreviations  correspond  to 
numbered  references  listed  in  the  Literature 
Cited  section  following  the  classification.  It 
may  on  occasion  be  difficult  to  locate  the  ac- 
tual data  in  the  cited  sources  because  they 
may  be  listed  under  a  different  name  or  oc- 
cur in  a  data  table.  A  general  idea  of  the 
range  of  each  Association  can  be  gained  by 
scanning  the  state  abbreviations  following 
the  name.  It  is  important  to  note  that  the 
coverage  of  literature  is  incomplete,  because 
much  unpublished  and  some  published  liter- 
ature was  unavailable  to  me.  Coverage  is 
generally  best  for  adjoining  states. 
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Preliminary  Classification  of  the  Natural  Vegetation  of  Colorado 

Angiosperm  Forests /Woodlands 


Acer 

Acer  negtindo 

Acer  negundo-Populus  angustifolio 

Alnus 
Alniis  incana  ssp.  tentiifoIici-Betula 
occidentalis 

Cercocarpus 

Cercocarpus  ledifoliits 


Acer  negundo  Great  Basin  Riparian  (CO:  133,  210;  UT:33) 

Acer  negundo-Populus  angustifolio /Comus  sericea'  (CO:CNHI) 


Alnus   incana   ssp.    tenuifolia-Betula   occidentalis   Montane   Riparian 
(CO:202,  209,  595,  598,  733:  WY:112) 


Cercocarpus    ledifolius/  Artemisia    tridcntata    ssp.    uijomingcnsis- 
Symphoricarpos  oreophilusl Agropijron  spicatum  (CO:667) 


POPULUS 

Populits  angustifolio 


Populus  angustifolia-Populus  deltoides 
ssp.  monilifera-Salix  amiigdaloides 
(CO:.36,  85,  575) 

Populus  deltoides  ssp.  monilifera 


Populus  deltoides  ssp.  monilifcra-Salix 
amijgdaloides 

Populus  deltoides  ssp.  wislizenii 

Populus  tremuloides 


Populus  angustifolio / Amelanchicr  utahensis  (CO:  133,  210,  733) 

Populus  angustifolio / Lonicero  iniolucrata  (CO:285,  481) 

Populus  angustifolio /Salix  exigua  (CO:.36,  133,  209,  266,  458,  648,  733; 

WY:35,  11.3)" 
Populus  angustifolio /Salix  scouleriona  (CO:334,  656;  1D:109) 


Populus    deltoides    ssp.    monilifera / Distichlis    spicato    var.    stricta 

(CO:88-91,  116-120,  162,  236-238,  274,  .309-316,  .330,  364) 
Populus  deltoides  ssp.  monilifera /Panicum  virgatum  (CO:389,  CNHI) 
Populus      deltoides      ssp.       monilifero-Salix      amijgdaloides /Salix 

exigua /Spartino  pectinoto"  (CO:89-91,   116-120,   162,  2.36-238, 

311-315) 
Populus  deltoides  ssp.   wislizenii /Rhus  trilohoto"   (CO:266,  267,  589, 

CNHI) 
Populus    tremuloides/ Amelanchicr    utahensis-Pruniis    virginiono    var. 

melanocarpa-Sijmphoricorpos  orcophilus / Carex  geijeri  (CO:59,  157, 

213,  271a,  271b,  272,  662,  695) 
Populus  tremuloides /Arctostophijlos  patulo  (CO:659) 
Populus   tremuloides/ Arctostophijlos   uco-ursi-Juniperus  communis 

(CO:417,  522,  709) 
Populus  tremuloides / Colomogrostis  canadensis  (CO:391) 
Poptdus  tremuloides /Carex  gei/eri-Lothiirus  leuconthus  (CO:50,   173, 

209,  213,  272,  355,  695,  7.3.3-  UT:66,  77;  WY:.35,  171) 
Populus  tremuloides /Ceanothus  vclutinus'  (CO:78,  79) 
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Popuhts  tremuhides/Fcstuca  thurhcri  (CO:107,  111.  209,  210,  301,  413, 

506,  522,  540,  733) 
Popuhts  tremuloides/ Heracleitni  spliondi/limn  (CO:59,  78,  79,  210,  213, 

272,  355,  695,  733:  WY:35,  174) 
Poptthis    tremuIoidcs/]tinipenis    communis    (CO:  123,    355;    UT:66: 

WY:35,  174) 
Popuhis  tremtiloides/Pteridium  tKiiiilinmti  (CO:78,  79,  213,  385,  392, 

695,  733;  UT:66;  WY:35) 
Popuhis  tremuloides/Rosa  woodsii  (CO:245,  272;  WY:35) 
Popuhis  tremuloidcs/Rubus  paniflonis  (CO:59,   78,  355;   SD:134: 

WY:35) 
Popuhis  tremuIoides/Siimphoricaipos  orcopluhis/Corcx  oeijeh  (CO:59, 

210,  540,  571,  662,  681,  695,  733;  ID:  133) 
Popuhis  tremuIoidcs/Thahctrum   fendlcri"   (CO:59,  78,  79,  209,  210, 

213,  272,  301,  675,  695;  WY:35,  174) 
Popuhts  tremiiloides/Tlicrmopsis  divaricarpa  (CO:304,  334,  339,  346, 

417,  660) 
Popuhts  tremuIoides/Vercitrum  teniiipctahtm"  (CO:213,  733) 


Mixed  Angiosperm-Gymnosperm  Forests/Woodlands 


POPULUS-CONIFER 

Popuhis  angustifoUa-Picea  pungcns 
(CO:417,557,  649;  WY:35) 

Popuhis  angustifolia-Pseudotsiioa 
menziesii  (CO:356,  CNHI) 

Popuhis  tremuloides-Picen  pungcns 
(CO:243,  245) 


Popuhis        angtistifoUa-Picea        pungens/Ah^us        inccina        ssp. 
tenuifoha-Amekinchier  utahensis-Sahx  ssp.  (CO:  173,  247) 


Popuhts  treinuIoides-Picea  pungens/ Arnica  cordifoha   (CO:209,   733; 
WY:CO  REF  733) 


Abies 

Abies  concolor-Pinus  ponderosa- 
Psciidotsumi  menziesii 


Abies  concohr-Pseudotsuga  menziesii 


Abies  hsiocarpa 

Abies  kisiocarpa-Picea  engehnannii 


Gymnosperm  Forests/Woodlands 


Abies  concolor-Pinus  ponderosa-Pseudotsuga  menziesii/ Arctostaphijlos 

uva-ursi  (CO:676,  677;  AZ:103;  NM:CO  REF  676,  677) 
Abies    concolor-Pinus    ponderosa-Pseudotsuga    menziesii/ Quercus 

gambehi  (CO:676,  677;  NM:106) 
Abies   eoncolor-Pseudotsuga    menziesii/ Acer   glahrum    (CO:676,    677; 

AZ:106;NM:106) 
Abies  eoncolor-Pseudotsuga  menziesii /Erigeron  eximius  (CO:676,  677; 

NM:106,  COREF676,  677) 
Abies  eoncolor-Pseudotsuga   menziesii/ Vaceinium   sp.    (CO:676,   677; 

NM:CO  REF  676.  677) 
Abies  lasiocarpa/Carex  gei/eri  (CO:210,  733;  ID:77,  133,  138,  139,  152; 

MT:120;  UT:67;  WY:35.  36,  139,  171) 
Abies  lasiocarpa-Picea  er\gehnannii  Ribbon  Forest  (CO:75,  78,  349, 

632;  MT:  13;  ID:  13) 
Abies  lasiocarpa-Picea  engehnannii  Tree  Island  (CO:45,  190,  227,  341, 

342,  347-349,  403,  547,  606) 
Abies   lasiocarpa-Picea    engehnannii/ Arnica    cordifoha    (CO:59,    136, 

173,  213,  304,  417;  ID:  138,  139;  MT:120;  UT:66;  WY:35,  70,  77, 

139) 
Abies      lasiocarpa-Picea      engelmannii/Calamagrostis     canadensis 

(CO:209,  733;  ID:  133,  138,  139,  152;  MT:120;  UT:66;  WY:35,  36, 

139) 
Abies    lasiocarpa-Picea    engehnannii /Cardamine    cordifoha    (CO:417, 

540,  625,  676,  733) 
Abies  lasiocarpa-Picea  engehnannii /Carex  geijeri  (CO:209,  210,  213, 

540,  695) 
Abies  lasiocarpa-Picea  engehnannii/ Equisetum  arvense  (CO:417,  733; 

ID:  138,  139,  152;  MT:120;  WY:35,  36,  112,  139) 
Abies   lasiocarpa-Picea   engehnannii /Erigeron   eximius  (CO:676,  677; 

NM:CO  REF  676,  677) 
Abies   lasiocarpa-Picea   engehnannii/ Linnaea  borealis   (CO:417,   676, 

677,  733;  ID:138,  139;  MT:120;  NM:106;  WY:35,  36,  139) 
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Abies  lasiocarpa-Picea  engelmannii /Moss  (CO:417,  540;  NM:CO  REF 

676,  677;  WY:35,  139) 
Abies   lasiocarpa-Picea   engebnannii/Facfiistima   myrsinites   (59,   210, 

355,  540,  733) 
Abies  lasiocarpa-Picea  engebnannii / Polcmonium  deUcatum   (CO:  136, 

417,  540,  676,  677,  733;  NMiCC)  REF  676,  677) 
Abies  lasiocarpa-Picea  engebnannii / Ribes  lacitstre  (CO:59,  417) 
Abies  lasiocarpa-Picea  engebnannii /Ribes  montigenum  (CO:301,  417, 

522,  733;  ID:  138,  139;  MT:120;  UT:66,  67,  83,  137;  WY:35,  36,  139) 
Abies  lasiocarpa-Picea  engebnannii /Ribes  wolfii  (CO:59,  301) 
Abies    lasiocarpa-Picea    engebnannii /Salix    brachijcarpa    Krummholz 

(CO:417) 
Abies  lasiocarpa-Picea  engebnannii/Salix  glauca  Krummholz  (CO:209, 

210,  733) 
Abies  lasiocarpa-Picea  engebnannii / Venecia  triangularis  (CO:209,  417, 

733) 
Abies   lasiocarpa-Picea   engebnannii /Vacciniiim    mi/rtibis   (CO:8,   59, 

246,  272,  301,  344-346,  355,  417,  733;  AZ:106) 
Abies    lasiocarpa-Picea    engebnannii/ Vacciniiim    myrtilus-Vaccinium 

scoparitim  (CO:  173,  209,  213,  355,  377,  417,  625,  676,  677,  695; 

AZ:106;  NM:106) 
Abies  lasiocarpa-Picea  engcbnannii/Vacciniiim  scoparium  (CO:8,  59, 

136,  167,  202,  210,  213,  301,  417,  466,  625,  656,  695,  733;  AZ:106; 

ID:77,  133,  138;  MT:77,  120;  NM:106;  OR:53,  55;  UT:66,  67,  77, 

142;  \VA:43;  WY:35,  36,  70,  77,  114,  128,  129,  139,  171) 


JUNIPERUS 

Juniperus  monospenna-Pinus  edulis 


Jttniperus  osteospenna 


Juniperus  osteosperma-Pinus  edulis 


Juniperus      monospenna-Pinus      edulis /Bouteloua      curtipcndula° 

(CO:733) 
Juniperus  monosperma-Pinus  edulis /Cercocarpus  montanus-Ribes 

cereum  (CO:587N0286) 
Juniperus  monosperma-Pinus  edidis/Quercus   X  pauciloba'  (CO:486, 

487;  NM:82;  OK:19,  131,  162) 
Juniperus  monosperma-Pinus  edulis/Stipa  neomexicana  (CO:CNHI) 
Juniperus   monosperma-Pinus   cdulis/Stipa   scribneri   (CO:97,   517, 

587N0279) 
Juniperus  osteosperma/Agropifron  spicatum  (CO:667;  UT:165;  WY:44, 

169) 
Juniperus         osteosperma  /  Amelanchier         utahensis-Philadclphus 

micropbyllus / Elymus  salina  (CO:CNHI) 
Juniperus  osteosperma / Elymus  salina  (CO:662;  UT:137) 
Juniperus  osteosperma-Pinus  edulis/ Agropyron  smithii  (CO:226,  733) 
Juniperus  osteosperma-Pinus  edidis/ Agropyron  spicatum  var.  inerme 

(CO:226,  662,  666;UT:137) 
Juniperus  osteosperma-Pinus  edulis /Amelanchier  utahensis-Artemisia 

tridentata         ssp.         wyomingensis-Cercocarptis         montanus- 

Symplwricarpos    oreophilus/ Agropyron     spicatum     var.     inerme 

(CO:226,  662) 
Juniperus      osteosperma-Pinus      edulis/  Amelanchier       utahensis- 

Cercocarpus   montanus   Marlstone   Barren   (CO:267,  271a,   662, 

666) 
Juniperus   osteosperma-Pinus   edulis /Amelanchier   utahensis-Quercus 

gambelii-Symphoricarpos  oreophilus /Carex  geyeri  (CO:210,  733) 
Juniperus     osteosperma-Pinus     edulis/ Artemisia     nova/ Agropyron 

spicatum  (CO:667;  ID:77;  UT:140) 
Juniperus     osteosperma-Pinus     edulis/ Artemisia     nova /Agropyron 

spicatum  var.  inerme  (CO:226,  662) 
Juniperus     osteosperma-Pinus     edulis/ Artemisia     tridentata     ssp. 

wyomingensis/Oryzopsis  hymenoides-Stipa  com  ata  (226,  CNHI) 
Juniperus    osteosperma-Pinus    edulis/Cercocarpus    ledifolius    var. 

intricatus  (CO:659,  667;  UT:46) 
Juniperus  osteosperma-Pinus  edulis-Cercocarpus  montanus /Agropyron 

spicatum  (CO:667) 
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Junipcnis  scopiilonuu 


Jiiniperttfi    osteosperma-Pimis    eduUs/Cercocarpiis    montaniis / Eli/mus 

salina  (CO:CNHI) 
Juniperus  ostcospcrnui-Pintis  edulis/Cercocarptis  montantis/OnjZopsis 

hymenoides  (CO:21(),  226,  358,  597,  662,  733) 
Juniperiia     osteosperma-Piniis     ediilis/Cercocarpus     montunus/Poa 

fendleriana  (CO:  150,  152,  153,  226) 
Juniperus    osteosperma-Pinus    eduIis/Ccrcocdipus    monttinus-Pera- 

phijUum  ramosissimuiii  (CO:210,  733) 
Juniperus   osteosperma-Pinus   eduUs / Cowarmi   mexicana   (CO:CNHI; 

UT:111) 
Juniperus     osteosperma-Pinus     edulis/Hilaria      jainesii-Oryzopsis 

hijmenoides-Stipa  comata  (CO:CNHI) 
Juniperus  osteosperma-Pinus  edulis/Ortjzvpsis  hi/menoides  (CO:  133, 

226,  597.  733) 
Juniperus   osteosperma-Pinus   cduIis/Poa    fendleriana    (CO:  150,    226, 

662,  733) 
Juniperus   osteosperma-Pinus   edulis/Purshia   tridentata/Poa    fend- 
leriana (CO:  150,  153,  226) 
Juniperus  osteosperma-Pinus  edidis/Quercus  gambelii  (CO:201,  210, 

226,  355,  542,  597,  733) 
Juniperus  scopulorum/ Agropijron   spicatum   (CO:552,   564,  689,   733; 

MT:27;  WY:9,  35) 
Juniperus  seopulorum/ Artemisia   tridentata   (CO:209,   243,   245,   733; 

WY:35) 
Juniperus  seopulorum/Ccrcocarpus  montanus  (CO:209,  733;  WY:102) 
Juniperus  seopulorum /Muhlenbergia  filieulmis  (CO:733) 
Juniperus  scopulorum /Purshia  tridentata  (CO:209,  733) 
Juniperus  scopulorum / Qucrcus  gambelii  (CO:533,  733) 
Juniperus      scopulorum-{Pinus     flexilis)-{Pinus      ponderosa)/Schi- 

zachi/rium  scoparium  Scarp  Woodland  (CO:  15,  142,  176,  384,  438, 

439.449,  619-621,  CNHI) 


PiCEA 

Picea  engelmannii  Picea   engelmannii/Geum   rossii   Krummholz   (CO:522;   AZ:106,    132; 

UT:66) 
Picea  engelmannii/ Trifolium  dasijphijllum  (CO:  167,  209,  417,  733) 
Picea  engelnumnii-Pinus  aristata  (CO:97,     Picea  engelmannii /Pinus  aristata/Festuca  thurberi  (CO:676,  677) 
211,234,509,522,631) 

Picea    pungensl Amelanchier    utahensis-Cornus    sericea/Carex   geijeri 

(CO:210,  733) 
Picea      pungens-Pseudotsuga      menziesii/Arctostaphi/los      uva-ursi 

(CO:676,  677;NM:106) 
Picea  pungens-Pseudotsuga  menziesii/ Erigeron  eximius  (CO:676,  677; 

NM:CO  REF  676,  677) 
Picea  pungens-Pseudotsuga  menziesii/ Festuca  arizonica  (CO:676,  677; 

NM:COREF676,  677) 
Picea  pungens-Pseudotsuga  menziesii/ Linnaea  borealis/Carex  foenea 

(CO:676,  677,  733;  NM:106) 


Picea  pungens 

Picea  pungens-Pseudotsuga  menziesii 


Pinus 

Pinus  aristata 


Pinus  contorta 


Pinus  aristata / Calamagrostis  purpurascens  (CO:733) 
Pinus  aristata /Trifolium  dasijphijllum  (CO:209,  733) 
Pinus   aristata-(Pinus   ponderosa)-(Pseudotsuga    menziesii) /Festuca 

arizonica-Muhlenbergia  montana  (CO:522,  548,  676,  677,  733; 

NM:CO  REF  676,  677) 
Pinus  contorta / Arctostaphijlos  uva-ursi  (CO:305,  380,  417,  540,  656, 

733;  OR:53;  UT:66,  77;  WY:35,  77) 
Pinus   contorta /Arctostaphijlos    uva-ursi- Juniperus   communis   (C0:8, 

305,  339,  380,  417,  522,  554;  WY:70,  128) 
Pinus  contorta /Carex  gei/eri  (CO:209,  210,  380,  540,  733;  ID:77,  138; 

WY:35,  139,  171) 
Pinus  contorta /Juniperus  communis  (CO:209,  355,  380,  417,  733; 

WY:35,  44,  128,  139) 
Pinus  contorta / Pachistima  myrsinites  (CO:59,  173,  272,  540,  733) 
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Piuu.s  edulis 


Piniis  flexilis 


Finns  ponderosa 


Pinus  contorta/Shepherdia  canadensis'  (CO:209,  210,  213,  285,  380, 

540,  625,  733;  WY:35,  128,  139) 
Piniis  contorta/Vaccinitim  myrtUus  (CO:8,  137,  140,  173,  301,  339,  380, 

417,  550,  625,  733)  • 
Pinus  contorta/Vaccinitim  scoparium  (CO:202,  209,  355,  733;  ID:77, 

138;  MT:120;  OR:55;  UT:66;  WY:8,  35,  44,  70,  77,  128,  139) 
Fi)i!(.s'   edulis/ Amelancfiier  utahensis-Arctostaphiflos  patula-Cerco- 

carpus  montanus/Carex  pityophila  (CO:662,  666) 
Pinus  edulis /Eh/nius  ambiguiis  (CO:CNHI) 
Pinus  flexilis/ Arctostaplujlos  uva-ursi  (CO;676,  677;  NM:CO  REF  676, 

677) 
Pinus  flexilis / Calamagrostis  purpurascens  (CO:209,  417,  733) 
Pinus  flexilis/ J uniperus  communis  (CO:140,   165,  209,  213,  417,  660, 

733;  ID;  138,  139;  MT:77,  120;  WY:35,  44,  77,  139) 
Pinus  flexilis / Trifolium  dastjphyllum  (CO:209,  733) 
Pinus  ponderosa / Carex  oeyeri  (CO;59,  733;  UT:66;  WY:35,  171) 
Pinus  ponderosa /Carex  heliophila  (CO:318,  319,  346) 
Pinus  ponderosa / Ceanothus  fendleri'  (CO:417,  554,  595) 
Pinus      ponderosa /Cercocarpus      montanus/Andropogon      gerardii 

(CO:CNHI) 
Pinus   ponderosa /Cercocarpus   montanus/Carex   rossii    (CO:209,   264, 

733) 
Pinus    ponderosa/Cercocarpus     montanus  /  Muhlenhergia     montana 

(CO:417) 
Pinus  ponderosa /Festuca  idahoensis  (CO:  107,   108,   122,  733;  ID:  138; 

MT:120;  OR:53;  UT:66;  WY:35,  70) 
Pinus  ponderosa /Muhlenhergia  montana  (CO:  106,  209,  417,  676,  677; 

NM:CO  REF  676,  677) 
Pinus  ponderosa/ Oryzopsis  hymenoides  (CO:676) 
Pinus    ponderosa /Purshia    tridentata-Ribes    cereum]\hd\lenhergia 

montana  (CO:24,  304,  417,  490,  733) 
Pinus  ponderosa /Quercus  gambelii  (CO:  16,  78,  201,  207,  210,  355,  417, 

508,  533,  542,  733;  NM:48,  173;  UT:46) 
Pinus  ponderosa /Quercus  X  pauciloba  (CO:486,  487) 
Pinus  ponderosa /Stipa  scribneri  (CO:CNHI) 
Pinus   ponderosa-{Pseudotsuga    menziesii)/ Arctostaplujlos    uva-ursi 

(CO:304,  318,  319,  325,  417,  554,  676,  677;  NM:CO  REF  676,  677; 

UT:142;SD-WY:144) 
Pinus  ponderosa-{Pseudotsuga   menziesii) /Carex  rossii   (CO:209,   417, 

733) 
Pinus   ponderosa-{Fseudotsuga    menziesii) /Festuca   arizonica-Muhlen- 

bergia  mor^tana  (CO:96,  106-108,  255-261,  522,  530,  560,  676,  677, 

733;  AZ:34,  57,  103,  110;  NM:106) 
Pinus   ponderosa~{Pseudotsuga    menziesii) /Leucopoa    kingii    (CO:209, 

370,  417,  422,  733) 


PSEUDOTSUGA 

Pscudotsuga  menziesii 


Pseudotsuga    menziesii / Amelanchier   utahensis-Quercus   gambelii- 

Symplioricarpos  orcophilus /Carex  geyeri-Poa  fendleriana  (CO:  157, 

355,  568,  571,  597,  662,  666,  681)        " 
Pseudotsuga    menziesii / Arctostaphylos    uva-ursi-] uniperus    communis 

(CO:85,  304,  392,  522,  554,  595,  733;  MT:120;  WY:CO  REF  733) 
Pseudotsuga   menziesii /Carex  geyeri   (CO:59,    173,  209,   733;   ID:  138; 

MT:77,  120;  UT:66;  WY:35) 
Pseudotsuga  menziesii /Cercocarpus  tnontanus  (CO:733) 
Pseudotsuga  menziesii/ Juniperus  communis  (CO:173,  597,  709,  733; 

ID:77,  138,  139;  MT:77,  120;  WY:35,  44,  77,  139) 
Pseudotsuga  menziesii /Pachistima  myrsinites"  (CO:78,  210,  213,  695, 

733) 
Pseudotsuga   menziesii /Quercus  gambelii  (CO:  16,  59,  508,  676,  677, 

733) 
Pseudotsuga    menziesii /Sy mphoricarpos    oreophilus/ Carex   geyeri-Poa 

fendleriana  (CO:210,  267,  571,  662,  733) 


October  1984 


Baker:  Colorado  Vegetation 


661 


Psetidotsuiid    )nenziesii-(Pinits    ponderosa)/]amesia    americdnd-Pht/so- 

carpus  mono<i,yntis  (CO:209,  304,  417,  733) 
Pseudotsitga   menziesii-{Pinus  ponderosa)/Physoc(irptis  monogynus 

(CO:14,  209,  417,  733;  NM:106;  WY;35,  70) 


Amelanchier 

Amelonchier  utahensis-Artemisia 
tridentota  ssp.  ivyomingensis- 
Cercocarpits  montanus-Purshia 
tridentata-Symphoriccirpos  oreophihis 


Shrub  Associations 

Amelanchier  utahensis-Artemisia  tridentata  ssp.  wyomingensis- 
Cercocarpus  montaniis-Purshia  tridentata-Symphoricarpos  oreo- 
philus/Carex  geyeri  (CO:271a,  597,  662) 

Amelanchier  utahensis-Artemisia  tridentata  ssp.  icyomingensis- 
Cercocarpus  montanus-Pitrshia  tridentata-Symphoricarpos  oreo- 
phihis/Oryzopsis  hymenoides-Stipa  comata  (CO:  157,  CNHI) 


Amelanchier  utahensis-Cercocarpiis 

montamis 
Amelanchier  utahensis-Symphoricarpos 

oreophihis 


Amelanchier  ntahensis-Cercocarpiis  montanus/ Oryzopsis  hymenoides 

(CO:597,  662) 
Amelanchier       utahensis-Symphoricarpos       oreophihis  /  Agropyron 

spicatum  (CO:564,  587N0'237,  689) 
Amelanchier    utahensis-Symphoricarpos    oreophihis /Carex    geyeri 

(CO:597,  662) 


Artemisia 

Artemisia  arhitscula 

Artemisia  bigelovii-Frankenia  jamesii 

Artemisia  cana 


Artemisia  cana-Purshia  tridentata 
Artemisia  filifolia 


Artemisia  longiloha 


Artemisia  nova 


Artemisia  tridentata  ssp.  tridentata 


Artemisia  tridentata  ssp.tridentata 

Sarcohatus  vermiculatus 
Artemisia  tridentata  ssp.  vaseyana 


Artemisia  tridentata  sspxaseyana- 
Purshia  tridentata 


Artemisia  arhtiscula/Festuca  idahoensis  (CO:733;  OR:53;  WY:35) 
Artemisia  bigelovii-Frankenia  jamesii /Oryzopsis  hymenoides-Stipa 

neomexicana  (CO;587N058,  CNHI) 
Artenusia  cana/Festuca  idahoensis  (CO:733;  ID:20,  68,  133;  MT:107; 

WY:20,  35,  108( 
Artemisia  cana/Festuca  thurheri  (CO:209,  564,  578,  689,  733) 
Artemisia  cana/Purshia  tridentata /Stipa  comata  (CO:  121,  587N0293, 

CNHI) 
Artemisia    filifolia/ Andropogon   gerardii   var.   paucipilus-Calamovilfa 

bngifoiia-Stipa  comata  (CO:l,   106,  124,   125,  135,  154,  180,  486, 

487,  503,  518,  527,  587N0016,  587N0019,  733) 
Artemisia  longiloha/ Agropyron  smithii  (CO:587N0296;  \VY:35,  153) 
Artemisia    longiloha/ Agropyron    spicatum    (CO:485,    562;    ID:  107; 

WY:20,  35) 
Artemisia  longiloha / Poa  sandbergii  (CO:564,  689) 
Artemisia  nova /Agropyron  spicatum  (CO:587N0301,  667;  CA:4;  ID:68, 

77,  118,  135;  NV:15-17,  20,  175;  WY;35,  143,  153) 
Artemisia  nova/ Stipa  comata  (CO:667;  CA:4;  NV:  15-17,  20,  175) 
Artemisia   tridentata  ssp.  tridentata /Agropyron  smithii  (CO:268,  552, 

564,  689) 
Artemisia    tridentata    ssp.     tridentata /Elymus    cinereus    (CO:209, 

587N0285,  662,  667,  733;  CA:4;  ID:20,  68,  77;  NV:18;  OR:53,  68; 

WA:68;  WY:20,  35) 
Artemisia  tridentata  ssp.  tridentata/ Hilaria  jamesii  (CO:66;  CA:4; 

NM:48,  52;UT:111) 
Artemisia  tridentata  ssp.  tridcntata-Sarcobatiis  vermiculatus/ Agro- 
pyron smithii  (CO:532,  564,  571.  662,  689) 
Artemisia  tridentata  ssp.  vaseyana / Agropyron  smithii  (CO:532,  562) 
Artemisia  tridentata  ssp.  vaseyana/ Agropyron  spicatum  (CO:532,  562, 

667;  ID:20,  68,  77,  133,  135;  MT:20;  OR:20,  68;  \VY:8,  20) 
Artemisia  tridentata  ssp.  vaseyana /Festuca  idahoensis  (CO:209,  210, 

532,  552,  562,  689,  733;  ID:20,  68,  77,  133,  135,  152;  MT:20; 

NV:93;  OR:20,  68;  WY:8,  20,  153) 
Artemisia  tridentata  ssp.  vaseyana /Festuca  thurberi  (CO:59,  173,  209, 

210,  564,  689,  733) 
Artemisia  tridentata  ssp.  vaseyana /Leucopoa  kingii  (CO:209,  733; 

WY:35) 
Artemisia  tridentata  ssp.  vaseyana / Poa  fendleriana  (CO:564) 
Artemisia    tridentata    ssp.    vaseyana-Purshia    tridentata/ Agropyron 

spicatum  (CO:564) 
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Artemisia  tridcntata  ssp.  wi/ominfi^ensis 


Artemisia  tridcntata  ssp.wi/omingensis- 

Atriplex  confertifolia 
Artemisia  tridcntata  ssp.wyomingensis- 

Atriplcx  confertifolia-Gratjia  spinosa' 
Artemisia  tridcntata  ssp. wijomingensis- 

Ptirshia  tridcntata 


Artemisia  tridcntata  ssp. wt/omingensis- 
Siimphoriearpos  oreophihts 


Artemisia  tripartita 


Artemisia     tridcntata     ssp.     vaseyana-Ptirshia     tridcntata/ Festuca 

idahoensis  (CO:564,  689;  OR:53;  WY:8) 
Artemisia  tridcntata  ssp.  vaseiiana-Purshia  tridcntata /Poa  fcndleriana 

(CO:564) 
Artemisia  tridcntata  ssp.  wijomingcnsis/Agropt/ron  dasifstachijum  ssp. 

a/bk-fl»T.s  (CO:173,  187,  .358,  733) 
Artemisia    tridcntata   ssp.    wijomingensis/ Agropijron   .wiitJiii   (CO:552, 

564,662,667,681,689) 
Artemlmi  tridcntata  ssp.  wijomingensis/Agroptiron  .spieatnm  (CO:209, 

552,  564,  667,  7.33;  ID:20,  68,  77,  1.33,  135;'mT:20,  107;  OR:20,  53, 

68;  WY;153) 
Artemisia    tridcntata   ssp.    iciiomingcnsis/Elt/mtis   amhigiius   (CO:209, 

733) 
Artemisia   tridcntata   ssp.    ui/omingcnsis/Stipa  comata   (CO;209,   733; 

CA:4;  ID:20,  68,  1.35;  NV;150;  OR:53;  UT:91;  WA:42,  68;  WY:.35) 
Artemisia    tridcntata   ssp.    wi/omingensis/Stipa   occidentaUs   (CO:564, 

689;  CA:4;  OR:53) 
Artemisia  tridcntata  ssp.   wi/omingcnsis-Atriplex  confertifolia /Ehjtntis 

salina  (CO;662) 
Artemisia   tridcntata  ssp.   wtjomingcn.sis-Atriplex  confertifolia-Grai/ia 

spinosa° /Stipa  comata  (CO:667) 
Artemi.mi  tridcntata  ssp.   wijomingensis-Pnrsliia  tridcntata /Agropyron 

.spieatiim  (CO:564) 
Artemisia    tridcntata    ssp.    wi/omingcnsis-Ptirsliia    tridcntata/Stipa 

comata  {CO:CNHl- CAA) 
Artemisia    tridcntata    ssp.    wyomingensis-Sipiiphoricarpos    oreopltdus/ 

Elymtis  cinereus  (CO:662,  666) 
Artemisia    tridcntata    ssp.    wyomingensi.s-Symphoricarpos   orcophiltis/ 

Oryzopsis  liymcnoidcs  (CO:  157,  568,  569,  662) 
Artemisia   tripartita /Festuca  idahoensis  (CO:209,  7.33;  ID;20,  68,  77, 

133,  1.35,  147;  MT:20,  107;  WA:20,  42,  68;  WY:8,  .35,  153) 


Atriplex 

Atriplex  cancseens 


Atriplex  confertifolia 


Atriplex  confertifolia-Sarcobatus 

vermiculatiis  (CO:239,  266,  267,  597) 
Atriplex  corrugata 

Atriplex  cuneata-Frankenia  famcsii 

(NM:52) 

Atriplex  gardncri 


Atriplex  canescens/Agropyron  smithii-Bouteloua  gracilis  (CO:l,   224, 

284,  366,  587N09,  587N042,  587N0317) 
Atriplex    canescens/Sporoboltis    airoides    (CO:587N034,    587N037; 

NM:52) 
Atriplex  confertifolia / Agropyron  spicatiim  (CO:667) 
Atriplex   confertifolia  /Agropyron   spicatiim    var.    inermc-Oryzopsis 

hymenoidcs  (CO:662,  666) 
Atriplex  confertifolia / Ely m us  .salina  (CO:571,  662,  667;  UT;CNHI) 
Atriplex  confertifolia /Hilaria  jamcsii  (CO:66,  67,  1,35,  324,  587N0401, 

587N0404,  587N0406,  587N0410,  588,  589;  UT:75,  137,  165-167) 
Atriplex  confertifolia /Oryzopsis  hymenoidcs  (CO:267,  268,  604,  662; 

CA:4;  NV:12;  UT:50,  1.37,  165) 
Atriplex  confertifolia / Sporobolus  airoides'  (CO;733) 
Atriplex  confertifolia /Stipa  comata  (CO:667) 


Atriplex  corrugata  Shale  Barren  (CO:66,  177,  324,  589;  UT:24,  75,  137, 

142,  165,  166;  WY:35) 
Atriplex  cuneata-Frankenia  jamcsii  Shale  Barren  (CO:CNHI) 

Atriplex  gardncri/ Ely mus  salina  (CO:66,  667;  UT:CNHI) 
Atriplex  gardncri /Hilaria  jamcsii  (CO:589,  591;  UT;75,  166) 
Atriplex  gardncri / Oryzopsis  hymenoidcs  (CO:667) 


Ceratoides 

Ceratoides  lanata 


Ceratoides  lanata /Agropyron  smithii-Bouteloua  gracilis  (CO:587N039, 

587N0281) 
Ceratoides  lanata /Oryzopsis  hymenoidcs  (CO:587N0276;  CA:4;  NV:12; 

UT:50) 
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Cercocarpus 

Cercocarpiis  ledifolius  var.  intricatus 
Cercocarpus  montanus 


Cercocarpus  montaniis-Rlnts  trilobata 


Cercocarpus  ledifolius  var.  intricatits / Agropijron  spicatum  (CO:667) 
Cercocarpus     montanus /Agropyron     dasiistachijum     ssp.     albican.' 

(CO:209,  733) 
Cercocarpus  nwntanus/ Agropyron  spicatum  (CO:667,  733;  WY:35) 
Cercocarpus  montanus /Agropyron  spicatum  var.  inerme  (CO:662) 
Cercocarpus  montanus/ Oryzopsis  hymenoides  (CO:  133,  649) 
Cercocarpus  montanus /Stipa  comata  (CO:209,  488,  489,  733) 
Cercocarpus  montanus /Stipa  occidentalis  (CO:733) 
Cercocarpus       montanus-Rhus       trilobata /Andropogon       gerardi 

(CO;587N0204,  CNHI;  SD-WY:144) 


COLEOGYNE 

Coleogync  ramosissiina  (General:23) 


Coleogyne  ramosissima / Hilaria  jamesii  (CO:591;  NV:167;  UT:99,  167) 


Crataegus 

Crataegus  douglasii  (CO:94,  95) 
Crataegus  spp. -mixed  (CO:332,  478, 
479) 


Dryas 

Dryas  octopctala 


Dryas  octopetala/Carex  rupestris  (CO:112,  146,  167,  209,  210,  217,  219, 
222,  278,  287,  290,  526,  618,  636,  639,  733;  WY:35) 


Opcntia 

Opuntia  imbricata  (CO:88,  107,  135, 
181,  279,  280,  349,  481,  520) 


Opuntia  imbricata/ Hilaria  jamesii  (CO:CNHI) 


Potentilla 

Potentilla  fruticosa  (CO:59,  68,  112, 
285,  349,  440,  464,  522,  526,  631) 


PURSHIA 

Purshia  tridentata 


Purshia  tridentata / Muhlenbergia  montana  (CO:83,  209,  349,  488,  489, 

733) 
Purshia  tridentata /Stipa  comata  (CO:209,  733;  CA:4;  OR;53;  WA:42) 


QUERCUS 

Quercus  gambelii-Amelanchier 
utahensis" 


Quercus  gambelii-Cercocarpus 
montanus' 


Quercus   gambelii-Amelanchier   utahensis' -(Artemisia    tridentata   ssp. 

wyomingensis-Cercocarpus  montanus-Symphoricarpos  orcophilus)/ 

Carex  geyeri  (CO:  157,  271a,  568,  597,  662,  681) 
Quercus    gambelii-Amelanchier    utahensis' -(Cercocarpus    montanus- 

Fendlera  rupicola-Purshia  tridentata-Symphoricarpos  oreopliilus)- 

Carex  geyeri  (CO:  134,  150,  201,  508) 
Quercus  gambelii-Amelanchier  utahensis' -(Prunus  virginiana  var. 

melanocarpa-Rosa    woodsii-Symphoricarpos    oreophilus)/ Carex 

geyeri  (CO:  150,  210,  213,  587Nd238,  597,  662) 
Quercus   gambelii-Cercocarpus   montanus' -(Rhus   trilobata) /Carex 

hcliophila  (CO:318,  319) 


Rhus 

Rhus  trilobata-Ribes  cereum 


Rhus  trilobata-Ribes  cereum /Schizachyrium  scoparium  (CO:15,  384) 


RiBES 

Ribes  montigenum 


Ribes  montigenum  Alpine  Talus  (CO:287) 


ROBINEA 

Robinea  neomexicana  (CO:421) 


RUBUS 

Rubus  idaeus  ssp.  sachalinensis 


Rubus  idaeus  ssp.  sachalinensis  Alpine  Scree  (CO:287) 
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Salix 

Sdlix  (irrtica-f^dlix  rcticiihiUi  ssp.  niicilis 


Sdlix  bcJihidud 

Sdlix  hraclitjcdrpd 

Salix  hrachiicarpa-SdIix  uolfii-Bctiila 

Sdlix  I'xig^ud 

Salix  getjeriana-Salix  In  tea 

Salix  geijeriana-Salix  monticola 


Sdlix  iilddcd 


Sdlix  glaticd-SdIix  phinifolia 
Sdlix  pldnijolid 


Sdlix  planifolia-Betuld  g/«(u/(//o.sc/°- 

S«/i.v  spp. 
Salix  wolfii-Betdld  glandiilosd" - 

Potcntilla  fniticosa" 


Salix   aicticd-Sdlix    reticuldtd    ssp.    nivdlis    Dwarf   Alpint"    Thicket 

(CO:112,   123,  210,  249,  278,  287,  362,  534,  611,  631,  636,  639; 

NM:3;  UT:92) 
Salix  bebhiana  Montane  Carr  (CO:662;  ID:  133;  UT:46;  WY:136,  144) 
Salix  brachi/carpa/Carex  aquatilis° -Carex  wstrata°  Wet  Carr  (CO:47) 
Salix   brachi/carpa-Salix    wolfii-Betala    glandulosa ° /Calaniaorostis 

canadensis  Mesic  Carr  (CO:47,  285) 
Salix  exiona/Carex  sp.  Plains  Riparian  (CO:236,  238,  314) 
Salix  geijeriana-Salix  lutea/Carex  wstrata  Wet  Carr  (CO:733) 
Salix   geiferiana-Salix   monticola/ Achilled    millefolium    ssp.    lannlosd' 

Dry  Carr  (CO:429) 
S«/(.r  geiferiana-Salix  monticola /Calamagrostis  canadensis"  Mesic  Carr 

(CO':209,  429,  733;  ID:  109,  152;  WY:35,  113) 
Salix  glauca-{Salix  bracluicarpa)/Deschampsid  cespitosa  Mesic  Alpine 

Thicket  (CO:209,  210,733) 
Salix  glducd-{Salix  brdchiicdipd) / Genm   rossii  Dry  .\lpine  Thicket 

(CO:206,  522) 
Salix  gIducd-Salix  pldnifolid    Lacustrine   Thicket    (CO:  112,    250-254; 

WY:58) 
Salix  planifolia / Caltha   leptosepaki   Wet   Carr/ Alpine   Thicket    (206, 

210,  355,  367,  534,  733) 
Salix  planifolia /Carex  scopulonim  Wet  .\lpine  Thicket  (CO:209,  210, 

287,  733) 
Salix  planifolia / Deschampsia  cespitosa  Mesic  Carr  (CO:209,  733) 
Salix  planifolia-{Salix  brdchi/carpa)/Dcschampsia  cespitosa   Mesic 

Alpine  Thicket  (CO:206;  WY:.35) 
Salix  planifoIid-Betuld  ghindnlosd" -Salix  ssp. /Core.v  aqtiatilis' -Carex 

rostrata"  Wet  Carr  (CO:209,  429,  733;  ID:  109,  152;  WY:35) 
Salix      wolfii-Betula      glandulosa" -Potcntilla      friiticosa"  /Achillea 

millefolium  ssp.  lanulosa'  Dry  Carr  (CO;47;  WY:112) 


Sarcobatus 

Scnrobatus  vermiculatus 


Sarcobatus  vermiculatus /Distichlis  spicata  var.  stricta-(Sporobolus 
airoides)  (CO:  106,  107,  135,  193,  349,  733;  CA:4;  MT:107;  OR:37, 
38,  53;  WA:42;  WY:35,  160) 

Sarcobatus  vermiculatus /Suaeda  torrei/ana  (CO:66,  355,  589;  NV:11; 
OR:38;  UT:50,  165;  WY:35) 


Symphoricarpos 

Sipnphoricdrpos  occidcntalis  (CO:94,  95, 
'  595,  596;  CANADA:41;  SD:144; 
W\':35,  144) 
Sipnphoricdrpos  oreophilus 


Sipnphoricarpos  oreophilus/Festuca  thurberi  (CO:733) 


Vaccinium 

Vaccinium  caespitosum 

Vaccinium  scoparium 


Vaccinium  caespitosum   Alpine  Heath   (CO:217,  219,  221,  287,  534; 

UT:92) 
Vaccinium  scoparium  Alpine  Thicket  (CO:45,  287,  403;  UT:92) 


Agropyron 

Agropijron  scribneri 
Agropyron  smithii 


Grassland  Associations 


Agropt/ron  scribneri  Alpine  Grassland  (CO:45,  403,  407,  631) 
Agropyron   smithii   Great   Basin   Grassland  (CO:353,  667;   AZ:110; 

NV:104;  UT:32,  33) 
Agropyron   smithii'    Mixed    Prairie   (CO:63-65,    76,   84,    189,    195, 

197-200,  224,  264,  381,  392,  449,  486,  516,  518,  520,  538,  539, 

587N01,  587N02,  587N04,  587N08,  587N0202,  587N0208,  592,  593, 

596,  609,  733;  CANADA:41;  KS:65;  NE:123;  NM;48,  CO  REF  609; 

ND:59,  124;  OK;28;  SD:90;  WY:7,  35) 
Agropyron  smithii   Montane  Grassland  (CO:443,  446,  458,  515,  576, 

587N0233,  587N0243,  587N0247,  587N0257,  587N0317) 
Agropyron  smithii  Plains  Swale  Grassland  (CO:  107,  193,  383,  587N010; 

CANADA:41;  NM:CO  REF  609;  TX:100;  WY:7) 
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Agropijron  spicdtiiin  var.  inerme 


Andropogon 
Andropogon  gemrdii 


Andropogon  gerardii  var.  paucipihts 


BOUTELOUA 

Botitclotta  gracilis 


Agropijron  spicaturn-Arenaria  hookeri'  (CO:667) 

Agropyroii  spicatum-Botitelotia  gracilis  Montane  Grassland  (CO:564, 

689;  MT:  107) 
Agropyron    spicatum-Poa    fendleriana    Montane    Grassland    (CO:564, 

689,  733;  WY:35,  74) 
Agropi/ron  spicatum-Poa  sandhergii  Paloiise  Grassland  (CO:210,  733; 

CANADA:  145;  ID:  146;  MT:1()7;  OR:53;  WA:42;  WY:9,  44,  153) 
Agropijron  spicaturn  var.  inerme  Great  Basin  Grassland  (CO:662,  666; 

UT:60,  73,  117,  121) 
Agropyron  spicaturn  var.  inenne-Oryzopsis  hijmenoides  Great  Basin 

Grassland  (CO:662,  666) 


Andropogon  gerardii-Botttcloua  curtipcnduhi-Boutclotia  gracilis-Schi- 
zachyriinn  scoparium  Xeric  Tallgrass  Prairie  (CO:46,  97,  135,  195, 
198,' 240,  344,  392,  4.59,  582,  .587N053,  587N070,  ,587N0206, 
.587N0210,  7.33;  KS:1,  69,  72,  89;  NM:CO  REF  609;  OK:  131,  162; 
WY:63) 

Andropogon  gerardii-Bouteloua  gracilis-Muhlenbergia  montana- 
Schizaclu/rium  scoparium  Xeric  Tallgrass  Prairie  (CO:6.3-65,  189, 
587N0213,  587N0216) 

Andropogon  gerardii-Panicum  lirgatum-Schizachyrium 

scoparium-Sorgliastrum  nutans  Mesic  Tallgrass  Prairie  (CO:381, 
382,  390,  587N0.36,  587N038,  593,  733;  CANADA:96;  KS:2,  89; 
NE:148,  160;  OK:  19,  28,  29,  64,  81,  126,  130) 

Andropogon  gerardii  var.  paucipihis-Calamovilfa  longifolia-Stipa 
comata  Sandhills  Prairie  (CO:205,  453,  455,  491,  503,  587N020, 
587N022,  7.33;  NE:5,  .30,  123,  172;  ND:168;  WY:35) 

Andropogon  gerardii  var.  paucipilus-CalamovUfa  longifoHa-Panicum 
virgaturn-Sorghastrum  nutans  Sandhills  Tallgrass  Prairie 
(CO:587N029,  587N031,  CNHI) 


Bouteloua  gracilis  Shortgrass  Prairie  (CO:  12,  166,  198,  200,  223,  224, 

349,  366,  520,  555,  .592,  593,  595,  596,  6,53,  7.33) 
Bouteloua  gracilis-Buchloe  dactyloides  Shortgrass  Prairie  (CO:  12,  15, 

54,  55,  76,  100,  106,  107,  110,  135,  160,  181,  205,  241,  283,  .364,  366, 

378,  383,  389,  392,  441,  482,  511,  518,  520,  538,  592,  593,  733;  KS:1, 

65,  89;  NE:122;  NM:48;  OK:19,  28;  WY:,35) 


Calwiagrostis 

Calamagrostis  canadensis 


Calamagrostis  canadensis   Wetland   (CO:  188,   287,   391,   392,   646; 
CANADA:96;  ID:  109;  NE:148;  WY:,35) 


Calamovilfa 

Calamovilfa  longxfolia 


Danthonia 

Danthonia  intermedia 


Danthonia  parryi 


Deschampsia 

Deschampsia  cespitosa 


Calamovilfa  longifolia  Sandhills  Prairie  (CO:4,55,  CNHI;  NE:80,  123, 
148;WY:.35) 


Danthonia    intermedia-Deschampsia    cespitosa    Alpine    Grassland 

(CO:  146,  202;  UT:115) 
Danthonia    intermedia-Sibbaldia    procumhens'    Alpine    Grassland 

(CO:219,  287,  290,  354,  733) 
Danthonia  intermedia-Solidago  multiradiata'  Subalpine  Grassland 

(CO:210,  7.33) 
Danthonia  parryi  Montane  Grassland  (CO:209,  443,  444,  473,  483,  581, 

733;  CANADA:96) 


Deschampsia  cespitosa-Achillea  millefolium  ssp.  lanulosa°  Dry-mesic 

Alpine  Meadow  (CO:52,  56,  400,  409,  522) 
Deschampsia    cespitosa-Caltha    leptosepala'    Very    Wet    Meadow 

(CO:52,  56,  209,  210,  249,  367,  407,  646,  733) 
Deschampsia   cespitosa-Carex  nebrascensis'   Wet   Montane   Meadow 

(CO:587N0241,  587N0315) 
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Dcschampsia  cespitosa-Geum  rossii  Wet  Alpine  Meadow  (CO:52,  56, 
146,   15.5,  209,  210,  217,  219-222,  249,  367,  5.34,  618,  6.33,  7.33; 
UT:92) 
Dcschampsia  cespitosa-Li'^ustiiinn  tcnuifoliiim  Snow  Cllade  (CO:75) 
Descbampsia  cespitosa-Potcntilla  divcrsifolia'  Mesic  Alpine  Meadow 
(CO:52,  56) 


DiSTICHLIS 

Disticlilis  spicata  var.  stricta 


Distichlis  spicata  var.  stricta  Salt  Meadow  (CO:458,  515,  583,  584, 
.587N0314;  CANADA:47,  97;  KS:1,55,  1.56;  NE:126,  148,  1.59; 
NV;11,  24,  104;  ND:127.  168;  OK:1.57;  OR;.38;  UT:21,  24,  51,  116; 
WA:42) 

Distichlis  spicata  var.  stiicta-Spurobolus  airoiclcs-{A^iopi/ion  sniitliii) 
Salt  Meadow  (CO:106,  107,  117,  126,  1.3.5,  177,  224,  284,  311,  318, 
.331,  405,  486,  487,  .538,  585,  587N0,35,  587N0261.  587N0263, 
587N0265,  .587N0266,  .587N0267,  .593,  609,  7.33;  KS:54,  89,  1.55; 
NM:CO  REF  609;  OK:119,  1,57;  UT:21,  51;  WY:35) 


Elymus 

Ehimiis  amhi^uiis 
Elijiniis  cincreus 


Ehpntis  amhiguus  Montane  Grassland  (CO:97,  209,  733) 
Ehimiis  cinereus  Great  Basin  Grassland  (CO:l,  157,  .568,  .587N0245, 
'  597,  598,  662,  7.33;  MT:107;  UT:.33,  73,  141,  161;  WA:42;  WY:.35) 


Festvca 

Fcsttica  arizvnica 


Fcsttica  idaluwnsis 


Festuca  thiirheri 


Festuca  arizonica-Festiica  thurheri  Montane  Grassland  (CO:733) 
Festuca     arizonica-Miihlenhergia     filictihnis     Montane     Grassland 

(CO:522,  548) 
Festuca  arizonica-Muhlcnhcrgia  montane  Montane  Grassland  (CO:96, 

122,  256,  257,  259-261,  379,  515,  522,  5.30,  .548,  .576,  587N0222, 

587N0228,  587N02.30,  .587N0311,  7.33;  AZ:1.32;  NM:48) 
Festuca  idahoensis  Alpine  Grassland  (CO:249) 
Festuca   idahoensis-Agropifron   tracliijcaulum'   Montane  Grassland 

(GO:210,  7.33;  ID:  1.52;  MT:107;  WY:.3.5,  1.53) 
Festuca  idahoensis-Festuca  tliurberi  Montane  Grassland  (CO:.50,  71, 

202,  210,  285,  413,  579,  600,  7.33) 
Festuca  thurheri  Subalpine  Grassland  (CO:.59,  111,  1.35,  173,  209,  210, 

249,  253,  272,  281,  282,  285,  299,  .301,  .373,  .385,  412,  414,  415,  458, 

496,  572,  579,  .587N02.50;  NM;3,  105) 


HlLARIA 

Hikiria  jamesii 


Hilaria  jamesii  Great  Basin  Grassland  (CO:86,  208,  .3.55,  .591;  AZ:110; 

NM:48,  .52,  CO  REF  609;  UT;86,  140;  WY:.35) 
Hilaria  jamesii'   Mixed  Prairie  (CO:  107,  486,  .587N06,  7.33;  NM:CO 

REF  609;  OK;  162;  TX:  100) 
Hilaria    jamesii-Orijzopsis   ht/menoides-Stipa   comata   Great    Basin 

Grassland  (CO:CNHI;  UT:84-87,  140) 


HoRDEUM 

Hordeum  juhatum 


Hordeum  juhatum  Plains  Grassland  (CO:474.  58.5,  .593;  CANADA:47, 
97;  KS:156;  NE:159;  ND:127,  168;  UT:51,  116) 


MuHLENBERGIA 

Muhlenhergia  asperifolia 
Muhlcnhergia  filiculmis 
Muhlenhergia  montana 


Muhlcnhergia  pungens 
Muhlenhergia  torreyi 


Muhlenhergia  asperifolia  Salt  Meadow  (CO:474,  589;  UT:21,  46) 
Muhlenhergia  filiculmis  Montane  Grassland  (CO:458,  522,  548,  7.33) 
Muhlenhergia    montana    Montane    Grassland    (CO:322,    323,    3.34, 

442-444,  474,  515,  733;  AZ:103) 
Muhlenhergia  montana-Stipa  comata  Montane  Grassland  (CO:31,  83, 

161,  209,  .392,  7.33) 
Muhlenhergia   pungens   Sandhill    Mixed   Grassland   (CO:455,    CNHI; 

NE:.30,  80,  122,  123,  148) 
Muhlenhergia  torreyi  Shortgrass  Prairie  (CO:  12,  100,  107,  516) 
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Oryzopsis 

Ortjzopsis  h tjinenoiclcs 


Onjzopsis  hiimenokles  Shale  Barren  (CO:552,  5f)4,  689,  CNHI) 
On/zopsis  ht/mcnoides-Fsorcilea   lanceolata'   Loose  Sand  Grassland 

'(CO:349,"450,  453,  455,  458;  UT:22,  31) 
Ort/zopsis        Ininienoides-Stipd        conuita        Montane        Grassland 

'(CO:587N0273,  587N0275,  587N0282;  UT:73,  141;  WY:35) 


Phippsia 

Phippsia  algkla 


Phippsia  aU^ida  Alpine  Grassland  (CO:CNHI;  WY:35) 


PHR'VnMITES 

Plii(i<'tuiti:s  (lu.stndis 


Plnagmitcs  aiistralis   Wetland   (CO;662;   CANADA:97,    101;   NE:123, 
148;  ND;45,  127;  UT:21;  \VY:35) 


POA 

Ppo  antica  ssp.  ^rmjana 
Pan  fcndleriana 
Poa  letiennanii 
Poo  ntpicoUi 


Poa  arctica  ssp.  ^rai/ana  Alpine  Grassland  (CO:287) 
Poa  fendlcriana  Alpine  Grassland  (CO;321,  400,  401) 
Poa  letternuinii  Alpine  Grassland  (CO:287) 
Poa  rupicola  Alpine  Grassland  (CO:403,  636) 


PVCXINELLIA 

Puccinellia  nutfalliana 


Puccinellia  mtttalliana  Salt  Meadow  (CO:583,  585;  CANADA:47.  9' 
101;  UT:51;  WY:35;  GENERAL:  158) 


Ri:i)FIELDIA 

Redficldia  flexiiosa 


Redfieldia  flexuosa  Sandhills  Blowout  Grassland  (CO:449,  518;  NE:30, 
80,  122,'  123,  148;  WY:35) 


SCHIZACHY-RIIM 

S(l}i:.(iili yritiiu  scopaiitim 


Schizachyriiim  scoparium  Loess  Prairie  (CO:  12,  15,  284,  390,  587N051. 

587N052,  CNHI;  KS:71,  149) 
Srhizachijriiim  scoparium'  Mixed  Prairie  (CO:  195,  198,  318,  320.  516, 

587N056,  587N060,  587N062,  587N063,  592,  593,  733;  IL:49;  KS:1, 

65,  89;  NE:62;  ND:59,  125;  OK:28;  SD:144;  WY:35,  144) 
Schizachtjiium  scoparium   Sandhills  Prairie  (CO:l,   106,    154,  518, 

CNHI:  NE:80,  122,  123,  142) 
Schizachi/rium        scoparium-Eriogonum       flavuni'        (CO:CNHI; 

CANADA:95) 


Spartina 

Spartina  oracilis 


Spartina  gracilis  Salt  Meadow  (CO:  193,  CNHI;  CANADA:97;  UT:21; 
WA:42,  53) 


Sporobolus 

Sporoholus  airoides 

Sporobolus  hcterolepis 


Sporobolus  airoides  Salt   Meadow  (CO:311,  585,  587N046,  587N()47, 

733;  NM:52) 
Sporobolus  hcterolepis  Tallgrass  Prairie  (CO:318,  320;  IA:26:  NE:164; 

ND:125;WY:35) 


Stipa 

Stipa  coimita 


Stipa  neomexicana 
Stipa  spartea 

Stipa  liridula 


Stipa  comata'  Mixed  Prairie  (CO:l,   15,  99,  194,  195,  198,  318,  381, 
539,  575,  593,  609;  CANADA:41,  95;  MT:107;  NE:62,  123;  ND:59, 
124,  125;OK:19,  28;WY:35) 
Stipa  comata  Montane  Grassland  (CO:209,  443,  733) 
Stipa  neomexicana'  Mixed  Prairie  (CO:381,  CNHI;  NM:6) 
Stipa  spartea   Tallgrass   Prairie  (CO:46,   318,  320;  CANADA:  170; 

NE:164;  ND:125) 
Stipa  viridula  Plains  Gra.ssland  (CO:592,  609;  CANADA:96) 
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Carex 

Corex  aquatilis 


Carex  arapahoensis 
Carex  hipartita 
Carex  ehenea 
Carex  eleocharis 
Carex  eh/noides 


Carex  festivella 

Carex  foenea 

Carex  haydeniana 

Carex  illota 

Carex  lanuginosa 

Carex  microglochin 

Carex  nardina  var.  hepburnii 

Carex  nebrascensis 


Carex  nelson ii 
Carex  nigricans 

Carex  pachijstachtja 
Carex  perglobosa 
Carex  pyrcnaica 

Carex  rossii 
Carex  rostrata 

Carex  nipestris  var.  dninunondiana 


Carex  scopidorum 


Carex  vernacuki 
Carex  vernactila  Alpine  Wetland  (CO:287) 


Graminoid  Associations 

Carex  aquatilis  Wetland  (CO:47,  78,  112,  173,  250-254,  287,  445,  448, 

483,  667,  733;  CANADA:98;  ID:  109;  OK:  119;  UT:92;  WY:14,  88) 
Carex  aquatilis-Carex  rostrata  Wetland  (CO:47,  209,  210,  253,  301, 

646,  733;  ID:  109,  152;  WY:58,  112) 
Carex  arapahoensis  Alpine  Talus  (CO:287,  534,  733) 
Carex  bipartita  Alpine  Wetland  (CO:287) 
Carex  ebenea  Wetland  (CO:400,  401,  445) 
Carex  eleocharis  Montane  Turf  (CO:443,  445,  446,  458) 
Carex  elynoides  Alpine  Turf  (CO:45,  68,  145,  146.  209,  249,  287,  290, 

301,  321,  362,  403,  412,  445,  513,  618,  636,  639,  727,  733;  NM:3; 

UT:92;  WY:78) 
Carex  festivella  Montane  Wetland  (CO:  168,  445,  458,  483) 
Carex' foenea  Alpine  Talus  (CO:287,  400,  401,  445,  733) 
Carex  haydeniana  Alpine  Wetland  (CO:287,  733) 
Carex  illota  Alpine  Wetland  (CO:287) 

Carex  lanuginosa  Montane  Wetland  (CO:391-393,  445,  548) 
Carex  microglochin  Alpine  Wetland  (CO:287,  733) 
Carex  nardina  var.  hepburnii  Alpine  Talus  (CO:287) 
Carex    nebrascensis-Catabrosa    aquatica-Junctis    balticus    Spring 

Wetland  (CO;662) 
Carex  nebrascensis-Juncus  balticus  Wetland  (CO:94,  95.  163.  318,  455; 

ID:  109;  UT:40;  WY:108,  144) 
Carex  nelsonii  Alpine  Wetland  (CO:278) 
Carex  nigricans-{]uncus  drumntondii)  Alpine  Wetland  (CO:  112,  287, 

445,  534,  7.33;  ID:  133;  OR:53) 
Carex  pachystachya  Montane  Wetland  (CO:253,  254,  445) 
Cflre.Y  perglobosa  Alpine  Rock  Outcrop  (CO:287,  733) 
Carex  pyrcnaica  Alpine  Wetland  (CO:278,  287.  290,  367,  409,  513, 

636,  639) 
Carex  rossii  Subalpine  Turf  (CO:445) 
Carex  rostrata  Wetland  (CO:391-393,  445,  464;  CANADA:98;  CA:10; 

ID:  109,  133;  OR:53;  UT:83;  WY:108) 
Carex  rupestris  var.  drummondiana  .\lpine  Turf  (CO:45,  97,  99,   112, 

210,  278,  362,  367,  412,  4.30,  513,  631,  633,  6.39,  640,  733;  NM:3; 

UT:25,  92) 
Carex     scopulorunt-Agropyron     tracliycaulum°     Alpine     Wetland 

(CO:287) 
Carex  scopulorum-Caltha  leptosepala°   .Alpine  Wetland  (CO:97,  210, 

.367,  409,  513,  6.33,  6.36;  WY:.35) 


Eleocharis 

Eleocharis  acicularis 
Eleocharis  palustris 

Eleocharis  pauciflora 


Eleocharis  acicularis  Montane  Wetland  (CO:445,  483,  548) 

Eleocharis  palustris  Wetland  (CO:  147,   163.  .391,  .393,  445,  458,  ,5.39, 

548,  667;  NV:11;  OK:119;  WY:3.5,  113) 
Eleocharis  pauciflora  Wetland  (CO:287,  646;  CA:10;  OR:53;  WY:;35) 


JUNCUS 

Juncus  balticus 
Juncus  drummondii 


Juncus  balticus  Wetland  (CO:  163,  209,  .391,  467,  .548,  7.33;  ID:  109, 

152;  NV:104;  UT:21,  .39,  40;  WY:,3.5,  108,  113) 
Juncus  drummondii  Alpine  Wetland  (CO:45,  287,  290,  .362,  403,  409, 

513,  534,  636,  639,  733;  ID:  1.33) 


KOBRESIA 

Kobresia  myosuroides 


Kobresia    myosuroides-Carex    rupestris   var.    drummondiana"    .\lpine 

Turf  (Cd:68,  278,  287,  636,  639) 
Kobresia  myosuroides-Geum  rossii'  Alpine  Turf  (CO:68,  112,  146,  155, 

209,  210,  346,  .367,  407,  522,  534,  633,  639,  733;  NM:3;  UT:92; 

WY:35) 
Kobresia   myosuroides-Trifolium   dasyphyllum   Alpine  Turf  (CO:522, 

733) 
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SciRPUS 

Sciri)us  (imcricauiis 

Scirpiis  nwritimus 

Scirpu.s  tahcrnacmontann  (S.  lalidus) 


Scirpus  americanus  Wetland  (CO:455,  539;  CANADA:96;  KS:155,  156; 

NE:148;  NVill;  OK:  119;  UT:21,  51;  WY:35;  GENERAL:  158) 
Scirpus  mciritimus  Wetland  (CO:474,  585;  CANADA:94,  97;  KS:155, 

156;  NV:11;  ND;45;  OK:119,  157;  UT;21,  51;  GENERAL:158) 
Scirpus  tabernaemontanii-Tijpha  latifolia  Wetland  (CO:99,  177,  455; 

OR:53) 


Aletes 

Alctcs  (ini.sdtus 


Herb  Associations 


Aletes  anisatus-Scutellaria  hrittonii  Gravel  Slide  (CO:97) 


Antennaria 

Antcniuuici  tilpina 


Antennaria  olpina  Alpine  Wetland  (CO:287,  733) 


Aquilegia 
Aquilegia  caerulea 

Aquilegia  micrantha 


Aquilegia  caerulea-Cirsium  scopiilorum   Alpine  Talus  (CO:278,  287, 

733) 
Aquilegia     micrantha-Mimulus     eastwoodiae     Hanging     Gardens 

(CO:CNHI;  UT:99) 


.\renaria 
Arenaria  hookeri 


Arenaria  hookeri'  Barrens  (CO:15,  384;  NE:123) 


.Artemisia 
Artemisia  arctica  ssp.  saxicola 


Artemisia  arctica  ssp.  saxicola  Alpine  Meadow  (CO:  167,  287,  633,  636, 
639,  733) 


Athyrium 

Athyrium  clistentifolium 


Atlu/rium  distentifolium  Alpine  Talus  (CO:287) 


Caltha 

Caltha  leptosepala 


Caltha  leptosepala  Wetland  (CO:9,  287,  522,  526,  534,  612,  631,  646, 
733;  WY:35) 


Cardamine 

Cardamine  cordifolia 


Cardamine  cordifolia  Alpine  Wetland  (CO:287;  UT:46) 


CiRSlUM 

Cirsium  scopulorum 


Cirsium  scopulorum-Polemonium  viscosum  Alpine  Talus  (CO:287,  733) 


Clayton  I  a 

Claijtonia  megarhizci 


Claytonia  megarhiza   Alpine  Rock  Outcrop  (CO:278,  287,  321,  494, 
733;  WY:78) 


Erigeron 

Erigeron  peregrinus  ssp.  callianthemus 


Erigeron    peregrinus    ssp.    ecdlianthemus-Eigusticum    tenuifolium- 
Trollius  laxus  ssp.  alhiflorus  Alpine  Wetland  (CO:287,  733) 


Geum 

Geum  rossii 


Geum   rossii-Polygonum   bistortoides   Alpine   Meadow   (CO:209,   210, 

534,  7.33) 
Geum  rossii-Sibbaldia  proeumbens  .\lpine  Meadow  (CO:44,  45,  1.35, 

146,  409,  534,  618) 


Heucher.\ 
Heuchera  spp. 


Heuchera  bracteata-Heuchera  parviflora  var.  nivalis  Alpine  Rock 
Crevice  (CO:287,  657,  7.33) 


IvA 

ha  axillaris 


ha  axillaris  Salt  Meadow  (CO:667;  WY:160) 
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KoENI(;iA 

Koenisia  islandica 


Kocnioia  islandica  Alpine  Wetland  (CO:287,  362,  513,  636,  639) 


Levvisia 

Lenisia  pijpnaed 


Lcicisid  pijoniaca  Alpine  Meadow  (CO:287) 


LiGUSTICUM 

LioitsHcum  porteri 
IJiltisticinn  trniiifoliuin 


Ligimticiim    porteri-Liipiniis    paniflorus    ssp.    imirianthus    Suhalpine 

Meadow  (CO:301,  733) 
Ligtisticum  porteri-Vicia  anicricana  Subalpine  Meadow  (CO;210) 
Ligiisticum  tcniiifoUiim-Dcschampsia  cespitosa'  Snow  Glade  (CO:75) 


Mertensia 
Mertcnsia  ciliata 


Mertensia  ciliata  Alpine  Wetland  (CO:287,  733;  ID:  109;  WY:112) 


MiNUARTIA 

Mintiartia  ohtiisiloha 


Mintiartia  C)htusHoI)a-P(ironi/chia  piilvinata-Silene  acaulis  var. 
siihacaidis-Trifolitim  nanurn  Alpine  Fellfield  (CO:44,  45,  68,  97, 
99,  112,  128,  135,  145,  146,  182,  183,  185,  202,  209,  210,  287,  290, 
321,  343,  344.  .346,  349,  362,  367,  .392.  403,  407.  513.  618.  636,  6.39. 
7.33;  NM:3;  UT:92;  WY:88) 


MvRIOPHYLLrM 

Mi/naph ijdum  cxalbcscens 


MyriophiiUum  exalhescens  Wetland  (CO:253,  2.54;  CANADA:  101) 


NuPHAR 

Ntipliar  liiteiim  ssp.  pohjscpaliim 


A'uphar  liitetim  ssp.  pohjscpahim  Wetland  (CO;.349,  464;  OK:  119) 


POLEMONIUM 

Poleinonium  viscosum 


Polemonium  viscosum  Alpine  Meadow  (CO:403,  636) 


POLYGO.NUM 

Poh/gonuni  ampliihitun 
Poh/gonuni  livipannu 


Polifgonum  amphihium  Montane  Wetland  (CO:2.50-2.54,  451,  458) 
Pohigonum  livipanim-Carex  capilhiris'  .\lpine  Wetland  (CO:287,  733; 
'CANADA:98) 


PoTAMOGETO.N 

Potamogctun  fHiforniis 


Potamogeton  filiformis  Montane  Wetland  (CO:253,  254) 


Primula 

Prinuda  parriji 


Primula  parriji  Alpine  Wetland  (CO:287,  409,  526,  733;  AZ:1.32) 


Ranunculus 

Ranunculus  aquatdis 


Ranunculus  aquatdis-Callitriclu'  verna°   Montane  Wetland  (CO:  168, 

483) 


RORIPPA 

Rorippa  curvipes  var.  alpina 


Rorippa  curvipes  var.  alpina  .\lpine  Wetland  (CO:287) 


Salic;ornia 

Salicornia  rubra 


Salicornia  rubra  Salt  Meadow  (CO:l,  58.3-585;  CANADA:47.  97,  101; 
KS:155,  156;  NE:123,  159;  NV:11,  24;  ND:127,  168;  UT:24,  51; 
WY;35) 


Saxifraga 

Saxi fraga  chrijsa n tha 
Saxi  f  raga  odo  n  to  lama 
Saxifraga  rivularis 


Saxifraga  chrysandui  Alpine  Rock  Outcrop  (CO:278,  287) 
Saxifraga  odohtoloma  Alpine  Wetland  (CO:287,  733) 
Saxifraga  rivularis  Alpine  Rock  Outcrop  (CO:287) 


Sedum 

Seduni  .spp. 


Sedum    integrifolium-Sedum    rhodandium   Alpine   Wetland   (CO:287, 
526) 
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Senecio 

Scnerio  taraxacoidcs 
Senecio  tnan<iul(iris 

SlBKALDIA 

Sihbtildid  proctinibens 


Sparcanium 

S/«;rgan;«))i  enieistim 

Trifoi.ium 

Trifolimu  (lastiplujlltiin 


Trifoliuin  parn/i 


Senecio  fdrcixdcoicles-Oxyria  (li^tjnd"  Alpine  Talus  (CO:287) 
Senecio  /n«/ig((/«n.s-  Alpine  Wetland  {CO;287,  733) 


Sihhdldid  procumhens  Alpine  Snowhed  (CO:68,  249,  278,  287,  290. 

321,  .344,  346,  354.  362,  367.  392,  403,  409,  513.  636,  639.  727.  733; 

WY:78,  88) 
Sihhdhlid  proctimhens  Snow  Glade  (CO:75) 


Spar^dniinn  emersuni  Wetland  (CO;97,  168,  445,  464,  483) 


Trifohum  dasiiphifUum  Alpine  Fellfield  (CO:45,  68,  217,  219,  221,  278, 
287,  290,  32i;  362,  367,  403,  522,  612,  633.  636,  639,  733;  NM:3; 
UT:61) 

Trifohum  parnii  Alpine  Fellfield  (CO:68,  123,  167,  287,  290,  343,  346, 
367,  392,  403,  522,  636,  733;  UT:61) 


Triclochin 

Tri"lochin  nuiritiind 


Triolochin    mdritimd    Salt    Meadow    (CO:583,    585;    CANADA:47,   9"; 
UT:21.  51;  GENERAL:  158) 


Typha 

Tijpha  domingensis 
Tifphd  Idtifolid 


Ttiplid  doiningensis  Wetland  (CO;662;  AZ:56) 

Tiipha  latifolid  Wetland  (CO;91.  312.  13,  330,  364;  NV:11;  ND;45,  79; 
UT:21;WY:35) 
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ADDITIONS  TO  A  BIBLIOGRAPHY  OF  COLORADO  VEGETATION  DESCRIPTION 

William  L.  Baker' 


.\bstr.^ct.—  a  list  of  80  references  to  Colorado  vegetation  description  is  presented,  along  with  county  and  subject 
indexes  to  the  list.  This  list  expands  an  earlier  list  (663)  to  include  literature  through  1983. 


The  literature  describing  vegetation  in 
Colorado  is  expanding  rapidly,  with  most  re- 
search occurring  in  ttie  vicinity  of  univer- 
sities and  in  areas  of  potential  energy  devel- 
opment. This  latter  body  of  literature  consists 
largely  of  unpublished  technical  reports  that 
provide  background  data  for  environmental 
impact  statements.  Much  of  this  invaluable 
material  is  not  available  to  the  public,  though 
it  may  represent  the  only  research  ever  con- 
ducted on  the  vegetation  in  some  areas  of 
Colorado.  Lacking  access  to  some  of  this  lit- 
erature, this  list  follows  the  earlier  (663)  in 
reporting  most  published,  but  only  selected 
impublished  references  to  vegetation  descrip- 
tion in  Colorado,  with  less  thorough  coverage 
of  related  subjects. 

Criteria  for  inclusion  in  the  list,  use  of  in- 
dexes, and  adequacy  of  coverage  are  ex- 
plained in  the  earier  list.  All  references  not 
contained  in  the  following  subject  index  to 
related  topics  pertain  solely  to  vegetation  de- 
scription. Counties  not  listed  in  the  County 
Index  had  no  references. 

Subject  Index 

Age/Size  Structure;  685,  688,  699,  725 

Bibliographies;  663,  702 

Fire;  708,  730 

Floristics;  668,  669,  690,  691,  696,  704,  712,  713,  721, 

736,  737,  738 
Palvnology/ Vegetation  History.  679,  705,  710 
Plant  Geography;  736 
Succession;  675^  682,  683,  685,  686,  688,  695,  699.  700, 

711,717,722,730 
Timberline,  697,  698 
Vegetation  Maps:  671,  672,  685,  702,  709,  732,  734 


County  Index 

Alamosa:  676,  677,  704 

Archuleta;  676,  677 

Bent:  701 

Boulder:  682,  686,  697,  698,  699,  700,  706,  707,  715,  7.30, 

7.36 
Clear  Creek:  691,  715 
Costilla;  676,  677,  704 
Custer;  676,  677 
Delta:  673 

Dolores:  675,  676,  677 
Douglas:  729 
Eagle:  695 
El  Paso:  715,  724 
Fremont;  676,  677,  714,  729 
Garfield;  662,  666,  680,  681,  687,  690,  694,  695,  702,  712, 

713 
Gilpin:  715 
Grand;  689 

Gunnison:  673,  695,  705,  721,  727 
Hinsdale;  676,  677,  704 
Huerfano;  676,  677,  704 
Jefferson:  700,  707,  709,  729 
La  Plata:  676,  677,  726 
Larimer:  679,  687,  692,  711,  715,  7.39 
Las  Animas:  676,  677 
Logan;  701,  740 

Mesa;  690,  695,  702,  714,  731,  737 
Mineral;  676,  677 

Moffat:  667,  668,  685,  696,  702,  714,  728,  738 
Montezuma;  672,  676,  677,  684,  687,  688 
Morgan;  701,  740 
Otero:  693,  701 
Ourav;  676,  677 
Park;' 709,  715 
Pitkin;  695 
Prowers;  701 

Pueblo:  676,  677,  701,  714 
Rio  Blanco:  662,  666,  690,  694,  695,  702,  712,  713,  718, 

719,  720,  725 
Rio  Grande;  676,  677 
Routt;  702,  728 
Saguache;  676,  677,  678 
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Sail  Juan:  676,  677,  682 

Sail  Mi}f\iel;  676,  677 

Sed^ewick:  701,  740 

Weld:  701,  717,  740 

Statewide  Studies:  661,  663,  664,  665,  674,  732,  733,  734 

Regional  Studies: 

Plains:  669,  708,  716,  723,  735 

Mountains:  669,  670,  671,  683,  698,  703,  710,  716,  722 

Western  Colorado  Plateaus:  669,  670,  671,  723 
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